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INTRODUCTION 


The rapid advance in high-tech digital processing creates new demands for microprocessor-compatible circuits 
that can sense, amplify, and convert analog signals or provide regulated power to a system. In this volume, 
Texas Instruments presents specifications and technical information on our broad line of integrated circuits 
designed for applications that involve analog signal conditioning. That product line includes: 


• Operational amplifiers 
• Voltage comparators 
• Regulators 
• Power supply monitors 
• Switching-mode power supply circuits 


• 
Hall-effect circuits 


• Current mirrors 
• Floppy-disk circuits for control, reading, or writing 


• Timers 


• 
A/D converters 
• Video amplifiers 
• Analog switches 


These circuits span the recent rapid development of integrated circuit technology from classical bipolar through 
BIFET" and BIDFE!"™ to Tl's new LinCMOS™ processing that provides a step-function improvement in input 
impedance, power dissipation, and threshold stability. New surface-mount packages include both plastic and 
ceramic chip carriers and the small-outline packages that increase board density with little impact on power 
handling capability. 


Ordering information and mechanical data are in the Appendix. Section 1 contains an alphanumeric index that 
lists page numbers for all the device types included, and each data sheet section provides a functional selection 
guide to the devices in that section. 


While this volume offers design and specification data only for Linear components, complete technical data 
for any Tl semiconductor product is available from: 


Texas Instruments 
Texas Instruments 
Literature Response Center 
Customer Response Center 
P.O. Box 401 560 
(214) 995-6611 
Dallas, Texas 75240 


If you need sales assistance with any Tl semiconductor products, please contact your nearest Tl field sales 
office or Tl authorized distributor. A listing can be found at the back of this data book. 
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THERMAL INFORMATION 


THERMAL RESISTANCE 


PACKAGE 
PINS 


JUNCTION-TO-CASE 


THERMAL RESISTANCE 
RflJcCOW) 


JUNCTION-TO-AMBIENT 


THERMAL RESISTANCE 
R0JA<°C/W] 


D plastic dual-in-line 
8 
51 
172 


14. 16 
33 
131 


FH ceramic chip carrier 
20. 28 
35 
104 


FK ceramic chip carrier 
20 
35 
91 


FN plastic chip carrier 
20 
37 
114 


J ceramic dual-in-line 


(glass-mounted chips) 
14 thru 20 
60 
122 


J ceramic dual-in-line* 


(alloy-mounted chips) 
14 thru 20 
29' 
91 * 


JG ceramic dual-in-line 


(glass-mounted chips) 
8 
58 
151 


JG ceramic dual-in-line* 


(alloy-mounted chips) 
8 
26* 
119* 


LP plastic plug-in 
3 
40 
160 


LU plastic plug-in 
3 
40 
178 


N plastic dual-in-line 


14 thru 20 
72 
143 


28 
45 
100 


40 
40 
100 


P plastic dual-in-line 
8 
79 
172 


U ceramic flat 
10, 14 
55 
185 


W 
ceramic (la! 
14, 16 
60 
125 


1In addition to those products so designated on their data sheets, all devices having a type number prefix of "SNC" or "SNM," or a 
suffix of "78838" have alloy-mounted chips. 
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PLASTIC PACKAGES 


These curves are for use with the continuous dissipation ratings specified on the individual data sheets. Those 
ratings apply up to the temperature at which the rated level intersects the appropriate derating curve or the 
maximum operating free-air temperature. 
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THERMAL INFORMATION 


PLASTIC PACKAGES (CONTINUED) 


These curves are for use with the continuous dissipation ratings specified on the individual data sheets. Those 
ratings apply up to the temperature at which the rated level intersects the appropriate derating curve or the 
maximum operating free-air temperature. 
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THERMAL INFORMATION 


FLAT PACKAGES 


These curves are for use with the continuous dissipation ratings specified on the individual data sheets. Those 
ratings apply up to the temperature at which the rated level intersects the appropriate derating curve or the 
maximum operating free-air temperature. 
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THERMAL INFORMATION 


CERAMIC DUAL-IN-LINE PACKAGES 


These curves are for use with the continuous dissipation ratings specified on the individual data sheets. Those 
ratings apply up to the temperature at which the rated level intersects the appropriate derating curve or the 
maximum operating free-air temperature. 
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'in addition to those products so designated on their data sheets, all devices having a type number prefix of "SNC" or "SNM". or a suffix 
of "/883B" have alloy-mounted chips. 
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Operational Amplifiers 


noncompensated, single 


military temperature range 


OPERATIONAL AMPLIFIERS 


SELECTION GUIDE 


(values specified for Ta - 
25°C) 


DEVICE 


NUMBER 
DESCRIPTION 
B1 


(MHz) 


TYP 


SR 


(V/pS) 


TYP 


V|0 
ImVI 


MAX 


'IB 
(nA) 


MAX 


AVD 


(V/mV) 


MIN 


SUPPLY VOLTAGE 


(V) 
PACKAGES 
PAGE 


MIN 
MAX 
TL080M 
BIFET. Low Power 
3 
13 
6 
0.2 
25 
±3.5 
±18 
JG 
3-135 
UA709AM 
General Purpose 
1 
0.3 
2 
200 
45 Typ 
±5 
±18 
J,JG,U,W 
3-215 
uA709M 
General Purpose 
1 
0.3 
5 
500 
45 Typ 
L 18 
J.JG.U.W 
3-215 
LM108 
High Performance 
1 
0.3 
2 
2 
50 
±5 
±18 
JG 
3-25 
LM101A 
High Performance 
1 
0.5 
2 
75 
50 
±5 
±22 
FH.FK.JG.U.W 
3-17 
•uA748M 
General Purpose 
1 
0.5 
5 
500 
±10 
±2 
±22 
JG.U 
3-229 
TLO60M 
BIFET. Low Power 
1 
3.5 
6 
0.2 
4 
±1.5 
±18 
JG 
3-103 


industrial temperature range 
(values specified for Ta - 
25°C) 


DEVICE 


NUMBER 
DESCRIPTION 
B1 
(MHz) 


TYP 


SR 


(V/jis) 


TYP 


V)0 
(mV) 


MAX 


'18 
(nA) 


MAX 


Avd 
(V/mV) 


MIN 


SUPPLY VOLTAGE 


(V) 
PACKAGES 
PAGE 


MIN 
MAX 
TL070I 
BIFET, Low Noise 
13 
13 
6 
200 
50 
±3.5 
- 18 
D.JG.P 
3-125 
TL080I 
BIFET, Low Power 
3 
13 
6 
200 
50 
±3.5 
±18 
JG.P 
3-135 
LM208 
High Performance 
1 
0.3 
2 
2 
50 
±5 
±18 
D.JG.P 
3-25 
LM201A 
High Performance 
1 
0.5 
2 
75 
50 
±5 
±22 
D.JG.P.W 
3-17 
TL060I 
BIFET, Low Power 
1 
3.5 
6 
0.2 
4 
±1.5 
±18 
D.JG.P 
3-103 


commerce 1temperature range 
(values specified for Ta - 
25°C) 


DEVICE 


NUMBER 
DESCRIPTION 
B1 
(MHz) 


TYP 


SR 


V/^s) 


TYP 


V|0 
(mV) 


MAX 


<IB 
(nA) 


MAX 


Avd 
(V/mV) 


MIN 


SUPPLY VOLTAGE 


(V) 
PACKAGES 
PAGE 


MIN 
MAX 
TL070AC 
BIFET, Low Noise 
3 
13 
6 
0.2 
50 
±3.5 
±18 
D.JG.P 
3-125 
TL070C 
BIFET, Low Noise 
3 
13 
10 
0.2 
25 
±3.5 
±18 
D.JG.P 
3-125 
TL080AC 
BIFET. Low Power 
3 
13 
6 
0.2 
50 
±3.5 
±18 
JG.P 
3-135 
TL080C 
BIFET, Low Power 
3 
13 
15 
0.4 
25 
±3.5 
±18 
JG.P 
3-135 
uA709C 
General Purpose 
0.3 
7.5 
1500 
15 
±18 
JG.P 
3-215 
LM308 
High Performance 
0.3 
7.5 
7 
25 
±5 
±18 
D.JG.P 
3-25 
uA748C 
General Purpose 
0.5 
6 
500 
20 
±2 
±18 
D.JG.P 
3-229 
TL060AC 
BIFET. Low Power 
3.5 
6 
0.2 
4 
±1.5 
±18 
D.JG.P 
3-103 
TL060BC 
BIFET, Low Power 
3.5 
3 
0.2 
4 
±1.5 
±18 
D.JG.P 
3-103 
TL060C 
BIFET. Low Power 
3.5 
15 
0.2 
3 
±1.5 
±18 
D.JG.P 
3-103 
LM301A 
High Performance 
7.5 
50 
75 
25 
±5 
±18 
D.JG.P.W 
3-17 
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SELECTION GUIDE 


internally compensated, single 


military temperature range 
(values specified for Ta - 
25°C) 


DEVICE 


NUMBER 
DESCRIPTION 
B1 


(MHz) 


TYP 


SR 


(V/^s) 


TYP 


V|0 
(mV) 


MAX 


'IB 


(nA) 


MAX 


*vd 
|V/mV] 


MIN 


SUPPLY VOLTAGE 


IV) 
PACKAGES 
PAGE 


MIN 
MAX 


TL291M 
High Speed 
20 
50 
-4 
±18 
JG 
3-155 
SE5534 
High Performance 
10 
13 
2 
800 
50 
• 3 
±20 
FH.FK.JG.U 
3-91 
SE5534A 
High Performance 
10 
13 
2 
800 
50 
±3 
±20 
FH.FK.JG.U 
3-91 


LM110 
Unity-Gain Voltage 


Follower 


10 
30 
4 
3 
1 
±5 
±18 
JG 
3-27 


TL081M 
BIFET. General Purpose 
3 
13 
6 
0.2 
25 
• 18 
FH.FK.JG 
3-135 


rL088M 
BIFET, Low V|0 
3 
13 
3 
0.4 
50 
;3.5 
• 18 
JG.U 
3-145 


TL071M 
BIFET, Low Noise 
3 
13 
6 
0.2 
35 
-5 
± 18 
FH.FK.JG 
3-125 


rLC271AM 
LinCMOS. Programmable 
2.3 
4.5 
5 
0.001 Typ 
10 
4 
16 
FH.FK.JG 
3-165 


TLC271BM 
LinCMOS. Programmable 
2.3 
4.5 
2 
0.001 Typ 
10 
4 
16 
FH.FK.JG 
3-165 


TLC271M 
LinCMOS. Programmable 
2.3 
4.5 
10 
0.001 Typ 
10 
4 
16 
FH.FK.JG 
3-165 


TLC277M 
LinCMOS. High Bias 
2.3 
4.5 
0.5 
0.001 Typ 
10 
4 
16 
FH.FK.JG 
3-201 


uA741M 
General Purpose 
1 
0.5 
5 
500 
50 
•2 
•22 
FH.FK.J.JG.U 
3-223 


LM107 
High Performance 
1 
0.5 
2 
75 
50 
±2 
122 
J.JG.U.W 
3-21 


IIOGl.M 
BIFET. Low Power 
1 
3.5 
6 
0.2 
4 
±1.5 
±18 
FH.FK.JG.U 
3-103 


TL066M 
BIFET, Adjustable 


Low-Power 


1 
3.5 
6 
0.2 
4 
±1.2 
±18 
FH.FK.JG 
3-113 


OP012A 
Precision Low-Input 


Current 


0.8 
0.12 
0.15 
2 
80 
±5 
±20 
JG 
3-71 


OP-012B 
Precision Low-Input 


Current 


0.8 
0.12 
0.3 
2 
80 
±5 
±20 
JG 
3-71 


OP012C 
Precision Low-Input 


Current 


0.8 
0.12 
1 
5 
40 
±5 
±20 
JG 
3-71 


TLC27M7M LinCMOS. Programmable 
0.7 
0.6 
0.5 
0.001 Typ 
20 
4 
16 
FH.FK.JG 
3-201 


TL321M 
High Performance 
0.6 
0.3 
5 
-150 
50 
3 
30 
FH.FK.JG 
3-157 


uA702M 
General Purpose 
0.5 
11 
2 
500 
6000 
6 
14 
JG.U 
3-201 
-3 
-7 


TLC27L7M 
LinCMOS. Programmable 
0 
1 
0.04 
0.5 
0.001 Typ 
30 
4 
16 
FH.FK.JG 
3-201 


automotive temperature range 
(values specified for Ta - 
25°C) 


DEVICE 


NUMBER 
DESCRIPTION 
B1 


(MHz) 


TYP 


SR 


IV//.S) 


TYP 


V|0 
(mV) 


MAX 


•IB 


(nA) 


MAX 


AVD 
(V/mV) 


MIN 


SUPPLY VOLTAGE 


(V) 
PACKAGES 
PAGE 


MIN 
MAX 


LM218 
High Performance 
15 
70 
4 
250 
50 
±5 
±20 
D.JG.P 
3-43 


TLC271AI 
LinCMOS, Programmable 
2.3 
4.5 
5 
0.001 Typ 
7 
3 
16 
D.JG.P 
3-165 


TLC271BI 
LinCMOS, Programmable 
2.3 
4.5 
2 
0.001 TYP 
7 
3 
16 
D.JG.P 
3-165 


TLC271I 
LinCMOS. Programmable 
2.3 
4.5 
10 
0.001 Typ 
7 
3 
16 
D.JG.P 
3-165 


TLC277I 
LinCMOS, Programmable 
2.3 
4.5 
0.5 
0.001 Typ 
10 
3 
16 
D.JG.P 
3-201 


LM207 
High Performance 
1 
0.5 
2 
75 
50 
±2 
• 22 
J.N.W 
3-21 


TLC27M7I 
LinCMOS. Medium Bias 
0.7 
0.6 
0.5 
0.001 Typ 
20 
3 
16 
D.JG.P 
3-201 


TLC27L7I 
LinCMOS. Low Bias 
0.1 
0.04 
0.5 
0.001 Typ 
30 
3 
16 
D.JG.P 
3-201 


TLC261AI 
LinCMOS, Programmable 
12 
5 
0.001 Typ 
2 
16 
D.JG.P 
3-199 


TLC261BI 
LinCMOS, Programmable 
12 
2 
0.001 Typ 
2 
16 
D.JG.P 
3-199 


TLC261I 
LinCMOS, Programmable 
12 
10 
0.001 Typ 
2 
16 
D.JG.P 
3-199 
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SELECTION GUIDE 


internally compensated, single 


industrial temperature range 
(values specified for Ta - 
25°C) 


DEVICE 


NUMBER 
DESCRIPTION 
B| 


(MHz) 


TYP 


SR 


IV//.S) 


TYP 


V|0 
(mV) 


MAX 


l|B 
(nA) 


MAX 


AVD 
IV/mV) 


MIN 


SUPPLY VOLTAGE 


(V) 
PACKAGES 
PAGE 


MIN 
MAX 
TL087I 
BIFET, Low Offset 
25 
13 
0.5 
0.2 
50 
±4 
±18 
D.JG.P 
3-145 
LM210 
Unity-gain Voltage 


Follower 


20 
30 
4 
3 
±5 
±18 
JG.P 
3-27 


TL071I 
BIFET, Low Noise 
3 
13 
6 
0.2 
50 
±3.5 
±18 
D.JG.P 
3-125 
TL081I 
BIFET. General Purpose 
3 
13 
6 
0.2 
50 
±3.5 
±18 
JG.P 
3-135 
TL088I 
BIFET. Low V|0 
3 
13 
1 
0.2 
50 
±4 
±18 
D.JG.P 
3-145 
TL066I 
BIFET, Adjustable 


Low-Power 


1 
3.5 
6 
0.2 
4 
±1.2 
±18 
D.JG.P 
3-113 


TL061I 


TL321I 


BIFET. Low Power 


High Performance 


1 


0.6 


3.5 


0.3 


6 


5 


0.2 


-150 


4 


50 


±1.5 


3 
±18 


30 


D.JG.P 


JG.P 


3-103 


3-157 


commercial temperature range 
(values specified for Ta - 
25°C) 


DEVICE 


NUMBER 
DESCRIPTION 
B| 


(MHz) 


TYP 


SR 


(V/Ms) 


TYP 


V|0 
(mV) 


MAX 


'IB 
(nA) 


MAX 


Avd 
(V/mV) 


MIN 


SUPPLY VOLTAGE 


(V) 
PACKAGES 
PAGE 


MIN 
MAX 
LM310 
Unity-Gain Voltage 


Follower 
20 
30 
7.5 
7 
±5 
±18 
JG.P 
3-27 


TL291C 
High Speed 
20 
50 
±4 
±18 
JG,P 
3-155 
LM318 
High Performance 
15 
70 
10 
250 
25 
±5 
±20 
D.JG.P 
3-43 
NE5534 
High Performance 
10 
6 
4 
1500 
25 
±3 
: 20 
JG.P 
3-91 
NE5534A 
High Performance 
10 
6 
4 
1500 
25 
±3 
±20 
JG.P 
3-91 
OP-227E 
Low Noise 
8 
2.8 
0.08 
±40 
800 
J.N 
3-77 
0P-227F 
Low Noise 
8 
2.8 
0.12 
±55 
800 
J.N 
3-77 
OP-227G 
Low Noise 
8 
2.8 
0.18 
±80 
700 
J.N 
3-77 
TL087C 
BIFET. General Purpose 
3 
13 
0.5 
0.2 
50 
±5 
±18 
D.JG.P 
3-145 
TL071AC 
BIFET. Low Noise 
3 
13 
6 
0.2 
50 
±3.5 
±18 
D.JG.P 
3-125 
TL071BC 
BIFET. Low Noise 
3 
13 
3 
0.2 
50 
-3.5 
±18 
D.JG.P 
3-125 
TL071C 
BIFET, Low Noise 
3 
13 
10 
0.2 
25 
±3.5 
±18 
D.JG.P 
3-125 
TL081AC 
BIFET, General Purpose 
3 
13 
6 
0.2 
50 
±3.5 
±18 
JG.P 
3-135 
TL081BC 
BIFET, General Purpose 
3 
13 
3 
0.2 
50 
±3.5 
±18 
JG.P 
3-135 
TL081C 
BIFET, General Purpose 
3 
13 
15 
0.4 
25 
±3.5 
±18 
JG.P 
3-135 
TL088C 
BIFET. Low V|0 
3 
13 
1 
0.2 
50 
±4 
±18 
D.JG.P 
3-145 
TLC277C 
LinCMOS, High Bias 
2.3 
4.5 
0.5 
0.001 Typ 
10 Typ 
3 
16 
D.JG.P 
3-201 
uA741C 
General Purpose 
1 
0.5 
6 
500 
20 
±2 
±18 
D.JG.P 
3-223 
LM307 
High Performance 
1 
0.5 
7.5 
250 
25 
±2 
±18 
D.J.JG.N.P.W 
3-21 


TL061BC 
BIFET, Low Power 
1 
3.5 
3 
0.2 
4 
±1.5 
±18 
D.JG.P 
3-103 
TL061C 
BIFET. Low Power 
1 
3.5 
15 
0.2 
3 
±1.5 
±18 
D.JG.P 
3-103 
TL066AC 
BIFET, Adjustable 


Low-Power 


1 
3.5 
6 
0.2 
4 
±1.2 
±18 
D.JG.P 
3-113 


TL066BC 
BIFET, Adjustable 


Low-Power 


1 
3.5 
3 
0.2 
4 
±1.2 
±18 
D.JG.P 
3-113 


TL066C 
BIFET, Adjustable 


Low-Power 


1 
3.5 
15 
0.4 
3 
±1.2 
±18 
D.JG.P 
3-113 


TL060C 
BIFET. Buffer 
1 
7 
15 
0.4 
± 1. b 
18 
LP 
3-123 
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SELECTION GUIDE 


internally compensated, single 


commercia temperature range (continued) 
(values specified for Ta - 
25°C) 


DEVICE 


NUMBER 
DESCRIPTION 
B| 
(MHz) 


TYP 


SR 


IV/^s) 


TYP 


V|0 
(mV) 


MAX 


'IB 
(nA) 


MAX 


Avd 
(V/mV) 


MIN 


SUPPLY VOLTAGE 


(V) 
PACKAGES 
PAGE 


MIN 
MAX 


TLC251AC LinCMOS. Programmable 
0.7 
0.6 
5 
0.001 Typ 
10 
Typ 
1 
16 
D.JG.P 
3-165 


TLC251BC 
LinCMOS. Programmable 
0.7 
0.04 
2 
0.001 Typ 
10 Typ 
1 
16 
D.JG.P 
3-165 


TLC251C 
LinCMOS, Programmable 
0.7 
0.04 
10 
0.001 Typ 
10 
Typ 
1 
16 
D.JG.P 
3-165 


TLC271AC LinCMOS. Programmable 
0.7 
0.04 
5 
0.001 Typ 
10 
Typ 
3 
16 
D.JG.P 
3-165 


TLC271BC 
LinCMOS. Programmable 
0.7 
0.04 
3 
0.001 Typ 
10 
Typ 
3 
16 
D.JG.P 
3-165 


TLC271C 
LinCMOS. Programmable 
0.7 
0.04 
10 
0.001 Typ 
10 Typ 
3 
16 
D.JG.P 
3-165 


TLC27M7C LinCMOS. Medium Bias 
0.7 
0.6 
0.5 
0.001 Typ 
20 
3 
16 
D.JG.P 
3-201 


UA714C 
Ultra-Low Offset Voltage 
0.6 
0.17 
0.15 
±7 
100 
±3 
±18 
JG.P 
3-219 


uA714E 
Ultra-Low Offset Voltage 
0.6 
0.17 
0.075 
±4 
200 
±3 
± 18 
JG.P 
3-219 


UA714L 
Ultra-Low Offset Voltage 
0.6 
0.17 
0.25 
±30 
50 
±3 
±18 
JG.P 
3-219 


TL321C 
High Performance 
0.6 
0.3 
7 
-250 
25 
3 
30 
JG.P 
3-157 


OP-07C 
Ultra-Low Offset 
0.6 
0.3 
0.15 
±7 
100 
±3 
±18 
JG.P 
3-67 


OP-07D 
Ultra-Low Offset 
0.6 
0.3 
0.15 
±12 
400 
Typ 
±3 
±18 
JG.P 
3-67 


OP-07E 
Ultra-Low Offset 
0.6 
0.3 
0.75 
-4 
150 
±3 
±18 
JG.P 
3-67 


0P-12E 
Precision Low-Input 


Current 


0.2 
0.12 
0.15 
2 
80 
±5 
±20 
D.JG.P 
3-71 


0P-12F 
Precision Low-Input 


Current 


0.2 
0.12 
0.3 
2 
80 
±5 
±20 
D.JG.P 
3-71 


OP-12G 
Precision Low-Input 


Current 


0.2 
0.12 
1 
5 
40 
±5 
±20 
D.JG.P 
3-71 


TLC27L7C LinCMOS. Low Bias 
| 0.1 
0 04 
0.5 
0.001 Typ 
30 
3 
16 
D.JG.P 
3-201 
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SELECTION GUIDE 


internally compensated, dual 


military temperature range 
(values specified for Ta • 
25°C) 


DEVICE 


NUMBER 
DESCRIPTION 
B| 


(MHz) 


TYP 


SR 


(V/Ms) 


TYP 


V|0 
(mV) 


MAX 


'IB 


(nA) 


MAX 


Avd 
(V/mV) 


MIN 


SUPPLY VOLTAGE 


(V) 
PACKAGES 
PAGE 


MIN 
MAX 
TL292M 
High Frequency 
20 
50 
JG 
3-155 
RM4558 
High Performance 
3 
1.7 
5 
500 
50 
• 22 
JG 
3-87 
TL072M 
BIFET. Low Noise 
3 
13 
6 
0.2 
35 
±3.5 
±18 
FH.FK.JG 
3-125 
TL082M 
BIFET, General Purpose 
3 
13 
16 
0.2 
25 
±3.5 
±18 
FH.FK.JG 
3-135 
TL083M 
BIFET, General Purpose 
3 
13 
6 
0.2 
25 
±3.5 
±18 
FH.FK.J 
3-135 
TL088M 
BIFET, General Purpose 
3 
13 
3 
0.4 
50 
±3.5 
±18 
JG.U 
3-145 
TL288M 
BIFET, General Purpose 
3 
13 
3 
0.4 
50 
±3.5 
±18 
JG.U 
3-145 
TLC272AM 
LinCMOS, High Bias 
2.3 
4.5 
5 
0.001 Typ 
10 
4 
16 
FH.FK.JG 
3-175 
TLC272BM 
LinCMOS, High Bias 
2.3 
4.5 
2 
0.001 Typ 
10 
4 
16 
FH.FK.JG 
3-175 
TLC272M 
LinCMOS, High Bias 
2.3 
4.5 
10 
0.001 Typ 
10 
4 
16 
FH.FK.JG 
3-175 
TLC27L2AM 
LinCMOS, Low Bias 
2.3 
4.5 
5 
0.001 Typ 
30 
•; 
16 
FH.FK.JG 
3-175 
TLC27L2BM 
LinCMOS, Low Bias 
2.3 
4.5 
2 
0.001 Typ 
30 
4 
16 
FH.FK.JG 
3-175 


3-175 
TLC27L2M 
LinCMOS. Low Bias 
2.3 
4.5 
10 
0.001 Typ 
30 
4 
16 
FH.FK.JG 
TLC27M2AM LinCMOS. Medium Bias 
2.3 
4.5 
5 
0.001 Typ 
20 
4 
16 
FH.FK.JG 
3-175 
TLC27M2BM LinCMOS, Medium Bias 
2.3 
4.5 
2 
0.001 Typ 
20 
4 
16 
FH.FK.JG 
3-175 
TLC27M2M 
LinCMOS. Medium Bias 
2.3 
4.5 
10 
0.001 Typ 
20 
4 
16 
FH.FK.JG 
3-175 
MC1558 
General Purpose 
1 
0.5 
5 
500 
50 
±2 
±22 
FH.FK.JG.U 
3-53 
TL322M 
Low Power 
1 
0.6 
8 
-500 
200 Typ 
• 1.5 
±18 
JG 
3-161 
TL062M 
BIFET, Low Power 
1 
3.5 
6 
0.2 
4 
• 1.5 
± 18 
FH.FK.JG.U 
3-103 
LM158 
High Gain 
0.6 
5 
-150 
50 
3 
30 
FH.FK.JG.U 
3-36 
TL022M 
Low Power 
0.5 
0.5 
5 
100 
72 
±2 
±22 
U 
3-95 
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SELECTION GUIDE 


internally compensated, dual 


automotive temperature range 
(values specified for Ta - 
25°C) 


DEVICE 


NUMBER 
DESCRIPTION 
B| 


(MHz) 


TYP 


SR 


(V/msI 


TYP 


V|0 
(mV) 


MAX 


'IB 


(nA) 


MAX 


Avd 
IV/mVI 


MIN 


SUPPLY VOLTAGE 


(V) 
PACKAGES 
PAGE 


MIN 
MAX 


LM2904 
High Gain 
5 
1 
7 
- 250 
100 Typ 
±3 
±26 
D.JG.P.U 
3-36 


RV4558 
High Performance 
3 
1.7 
6 
500 
50 
±5 
±18 
D.JG.P 
3-87 


TLC272AI 
LinCMOS. High Bias 
2.3 
4.5 
5 
0.002 Typ 
10 
3 
16 
D.JG.P 
3-175 


TLC272BI 
LinCMOS, High Bias 
2.3 
4.5 
2 
0.002 Typ 
10 
3 
16 
D.JG.P 
3-175 


TLC272I 
LinCMOS. High Bias 
2.3 
4.5 
10 
0.002 Typ 
10 
3 
16 
D.JG.P 
3-175 


TLC27L2AI 
LinCMOS. Low Bias 
2.3 
4.5 
5 
0.002 Typ 
30 
3 
16 
D.JG.P 
3-175 


TLC27L2BI 
LinCMOS, Low Bias 
2.3 
4.5 
2 
0.002 Typ 
30 
3 
16 
D.JG.P 
3-175 


TLC27L2I 
LinCMOS, Low Bias 
2.3 
4.5 
10 
0.002 Typ 
30 
3 
16 
D.JG.P 
3-175 


TLC27M2AI 
LinCMOS. Medium Bias 
2.3 
4.5 
5 
0.002 Typ 
20 
3 
16 
D.JG.P 
3-175 


TLC27M2BI 
LinCMOS. Medium Bias 
2.3 
4.5 
2 
0.002 Typ 
20 
3 
16 
D.JG.P 
3-175 


TLC27M2I 
LinCMOS. Medium Bias 
2.3 
4.5 
10 
0.002 Typ 
20 
3 
16 
D.JG.P 
3-175 


TL322I 
Low Power 
1 
0.6 
8 
0.5 
20 
- 1.5 
±18 
D.JG.P 
3-157 


industrial temperature range 
(values specified for Ta " 
25°C) 


DEVICE 


NUMBER 
DESCRIPTION 
B1 


(MHz) 


TYP 


SR 


(V/^s) 


TYP 


V|0 


(mV) 


MAX 


'IB 
. 
(nA) 


MAX 


Avd 
(V/mV) 


MIN 


SUPPLY VOLTAGE 


(V) 
PACKAGES 
PAGE 


MIN 
MAX 


TL072I 
BIFET. Low Noise 
3 
13 
6 
0.2 
50 
±3.5 
±18 
D.JG.P 
3-125 


TL082I 
BIFET. General Purpose 
3 
13 
6 
0.2 
50 
±3.6 
±18 
JG.P 
3-135 


TL083I 
BIFET, General Purpose 
3 
13 
6 
0.2 
50 
±3.5 
±18 
J.N 
3-135 


TL287I 
BIFET, General Purpose 
3 
13 
0.5 
0.2 
50 
±3.5 
±18 
D.JG.P 
3-145 


TL283I 
BIFET. General Purposo 
3 
13 
0.5 
0.2 
50 
±3.5 
±18 
D.JG.P 
3-145 


TL062I 
BIFET. Low Power 
1 
3.5 
6 
0.2 
4 
±1.5 
±18 
D.JG.P 
3-103 


LM258 
High Gain 
0.6 
5 
-150 
50 
3 
30 
D.JG.P.U 
3-36 


LM258A 
High Gain 
0.6 
3 
-80 
50 
3 
30 
D.JG.P.U 
3-36 


TLC262AI 
LinCMOS. Programmable 
12 
5 
0.001 Typ 
2 
16 
D.JG.P 
3-199 


TLC262BI 
LinCMOS. Programmable 
12 
2 
0.001 Typ 
2 
16 
D.JG.P 
3-199 


TLC262I 
LinCMOS, Programmable 
12 
10 
0.001 Typ 
2 
16 
D.JG.P 
3-199 
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SELECTION GUIDE 


internally compensated, dual 


commercia temperature range 
(values specified for Ta • 
25°C) 


DEVICE 


NUMBER 
DESCRIPTION 
B1 


(MHz) 


TYP 


SR 


(V/^s) 


TYP 


V|0 
(mV) 


MAX 


'IB 
(nA) 


MAX 


Avd 
IV/mV) 


MIN 


SUPPLY VOLTAGE 


(V) 
PACKAGES 
PAGE 


MIN 
MAX 
TL292C 
High Frequency 
20 
50 
±4 
±18 
JG.P 
3-155 
NE5532 
Low Noise 
10 
9 
4 
800 
15 
±3 
±20 
JG.P 
3-63 
NE5532A 
Low Noise 
10 
9 
4 
800 
15 
±3 
r20 
JG.P 
3-63 
RC4559 
High Performance 
4 
2 
6 
250 
20 
- 13 
D.P 
3-101 
RC4558 
High Performance 
3.5 
1.7 
5 
500 
50 
±18 
D..IG, 
P 
3-103 
TL072AC 
BIFET. Low Noise 
3 
13 
6 
0.2 
50 
±3.5 
±18 
D.JG.P 
3-145 


TL072C 
BIFET, Low Noise 
3 
13 
10 
0.2 
25 
±3.5 
± 18 
D.JG.P 
3-145 
TL082AC 
BIFET, General Purpose 
3 
13 
6 
0.2 
50 
±3.5 
±18 
JG.P 
3-155 
TL082BC 
BIFET. General Purpose 
3 
13 
3 
0.2 
50 
±3.5 
±18 
JG.P 
3-155 
TL082C 
BIFET, General Purpose 
3 
13 
15 
0.4 
25 
±3.5 
±18 
JG.P 
3-155 
TL083AC 
BIFET, General Purpose 
3 
13 
6 
0.2 
50 
±3.5 
±18 
J.N 
3-155 
TL083C 
BIFET. General Purpose 
3 
13 
15 
0.4 
25 
±3.5 
±18 
J.N 
3-155 
TL287C 
BIFET. General Purpose 
3 
13 
0.5 
0.2 
50 
±3.5 
±18 
D.JG.P 
3-155 
TL288C 
BIFET. General Purpose 
3 
13 
0.5 
0.2 
50 
±3.5 
± 18 
DJG.P 
3-155 
TLC252AC 
LinCMOS, High Bias 
2.3 
4.5 
5 
0.001 Typ 
10 
16 
D.JG.P 
3-175 
TLC252BC 
LinCMOS. High Bias 
2.3 
4.5 
2 
0.001 Typ 
10 
16 
D.JG.P 
3-175 
TLC252C 
LinCMOS. High Bias 
2.3 
4.5 
10 
0.001 Typ 
10 
16 
D.JG.P 
3-175 
TLC25L2AC 
LinCMOS, Low Bias 
2.3 
4,5 
5 
0.001 Typ 
30 
16 
D.JG.P 
3-175 
TLC25L2BC 
LinCMOS, Low Bias 
2.3 
4.5 
2 
0.001 Typ 
30 
16 
D.JG.P 
3-175 
TLC25L2C 
LinCMOS. Low Bias 
2.3 
4.5 
10 
0.001 Typ 
30 
16 
D.JG.P 
3-175 
TLC25M2AC 
LinCMOS, Medium Bias 
2.3 
4.5 
5 
0.001 Typ 
20 
16 
D.JG.P 
3-175 
TLC25M2BC 
LinCMOS. Medium Bias 
2.3 
4.5 
2 
0 001 Typ 
20 
16 
D.JG.P 
3 175 
TLC25M2C 
LinCMOS. Medium Bias 
2.3 
4.5 
10 
0.001 Typ 
20 
16 
D.JG.P 
3-175 
LinCMOS. High Bias 
2.3 
4.5 
5 
0.001 Typ 
10 
3 
16 
D.JG.P 
3-175 
TLC272BC 
LinCMOS. High Bias 
2.3 
4.5 
2 
0.001 Typ 
10 
3 
16 
D.JG.P 
3-175 
LinCMOS. High Bias 
2.3 
4.5 
10 
0.001 Typ 
10 
3 
16 
D.JG.P 
3-175 
LinCMOS. Low Bias 
2.3 
4.5 
5 
0.001 Typ 
20 
3 
16 
D.JG.P 
3-175 
TLC27L2BC 
LinCMOS, Low Bias 
2.3 
4.5 
2 
0.001 Typ 
20 
3 
16 
D.JG.P 
3-175 
TLC27L2C 
LinCMOS, Low Bias 
2.3 
4.5 
10 
0.001 Typ 
20 
3 
16 
D.JG.P 
3-175 


TLC27M2BC 
LinCMOS. Medium Bias 
2.3 
4.5 
2 
0.001 Typ 
20 
3 
16 
D.JG.P 
3-175 
TLC27M2C 
LinCMOS. Medium Bias 
2.3 
4.5 
10 
0.001 Typ 
20 
3 
16 
D.JG.P 
3-175 
General Purpose 
0.5 
6 
500 
20 
±1.5 
±18 
D.JG.P.U 
3-53 
TL322C 
Low Power 
0.6 
10 
-500 
20 
±1.5 
±18 
D.JG.P 
3-161 
BIFET. Low Power 
3.5 
6 
0.2 
4 
±1.2 
±18 
D.JG.P 
3-103 
TL062BC 
BIFET. Low Power 
3.5 
3 
0.2 
4 
±1.2 
±18 
D.JG.P 
3-103 
TL062C 
BIFET, Low Power 
3.5 
15 
0.2 
3 
±1.2 
±18 
D.JG.P 
3-103 
LM358 
High Gain 
0.6 
7 
-250 
25 
3 
30 
D.JG.P.U 
3-36 
LM358A 
High Gain 
0.6 
3 
-100 
25 
3 
30 
D.JG.P.U 
3-36 
Low Power 
0.5 
0.5 
5 
250 
60 
±2 
±18 
JG.P 
3-95 
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SELECTION GUIDE 


internally compensated, quad 


military temperature range 
(values specified for Ta - 
25°C) 


DEVICE 


NUMBER 
DESCRIPTION 
B1 


MHz) 


TYP 


SR 


(V//<s) 


TYP 


V|0 


(mV) 


MAX 


•IB 
(nA) 


MAX 


Avd 
(V/mV) 


MIN 


SUPPLY VOLTAGE 


(V) 
PACKAGES 
PAGE 


MIN 
MAX 


TL294M 
High Frequency 
20 
50 
±4 
±18 
J 
3-155 


RM4136 
High Performance 
3.5 
1.7 
4 
400 
50 
±4 
±22 


TL074M 
BIFET. Low Noise 
3 
13 
9 
0.2 
35 
±3.5 
±18 
FH.FK.J.W 


TL084M 
BIFET. General Purpose 
3 
13 
9 
0.2 
25 
±3.5 
±18 
FH.FK.J.W 


TLC274AM 
LinCMOS. High Bias 
2.3 
4.5 
5 
0.001 Typ 
10 
1 
16 
FH.FK.J 


TLC274BM 
LinCMOS. High Bias 
2.3 
4.5 
2 
0.001 Typ 
10 
1 
16 
FH.FK.J 
3-187 


TLC274M 
LinCMOS. High Bias 
2.3 
4.5 
10 
0.001 Typ 
10 
1 
16 
FH.FK.J 
3-187 


3-33 
LM148 


MC3503 


General Purpose 


General Purpose 
1 
0.6 
5 
-500 
50 
±1.5 
±18 
J 
3-57 


TL064M 
BIFET, Low Power 
1 
3.5 
9 
0.2 
4 
±1.5 
±18 
FH.FK.J.W 
3-103 


TLC27M4AM LinCMOS. Medium Bias 
0.7 
0.6 
5 
0.001 Typ 
20 
1 
16 
FH.FK.J 
3-187 


TLC27M4BM LinCMOS. Medium Bias 
0.7 
0.6 
2 
0.001 Typ 
20 
1 
16 
FH.FK.J 
3-187 


TLC27M4M 
LinCMOS. Medium Bias 
0.7 
0.6 
10 
0.001 Typ 
20 
1 
16 
FH.FK.J 


0.6 
0.5 
5 
- 150 
50 
3 
30 
FH.FK.J.W 
3-29 


Low Power 
0.5 
0.5 
5 
100 
72 
±2 
±22 
FH.FK.J.W 
3-99 


TLC27L4AM 
LinCMOS. Low Bias 
0.1 
0.04 
5 
0.001 Typ 
30 
1 
16 
FH.FK.J 
3-187 


3-187 
TLC27L4BM 


TLC27L4M 


LinCMOS. Low Bias 


LinCMOS. Low Bias 
0.1 
0.04 
10 
0.001 Typ 
30 
1 
16 
FH.FK.J 
3-187 


automotive temperature range 
(values specified for Ta - Ta 25°C) 


DEVICE 


NUMBER 
DESCRIPTION 


B1 


MHz) 


TYP 


3 


SR 


IV//.S) 


TYP 


1.7 


V|0 
(mV) 


MAX 


6 


'IB 


(nA) 


MAX 


500 


AVD 
(V/mV) 


MIN 


20 


SUPPLY VOLTAGE 


(V) 
PACKAGES 


D.J.N.W 


PAGE 


3-83 


MIN 


±4.5 


MAX 


±32 


LM2900 
General Purpose 


LinCMOS. High Bias 


2.5 


2.3 


0.5 


4.5 
5 


200 


0.001 Typ 


1.2 


10 


±4.5 
±32 


16 


J.N 


D.J.N 


3-47 


3-187 


LinCMOS. High Bias 
2.3 
4.5 
2 
0.001 Typ 
10 
16 
D.J.N 
3-187 


TLC274I 
LinCMOS. High Bias 
2.3 
4.5 
10 
0.001 Typ 
10 
16 
D.J.N 
3-187 


General Purpose 
1 
0.6 
8 
-500 
20 
36 
D.J.N 


TLC27M4AI 
LinCMOS. Medium Bias 
0.7 
0.6 
5 
0.001 Typ 
20 
16 
D.J.N 
3-187 


TLC27M4BI 
LinCMOS, Medium Bias 
0.7 
0.6 
2 
0.001 Typ 
20 
16 
D.J.N 


TLC27M4I 
LinCMOS. Medium Bias 
0.7 
0.6 
10 
0.001 Typ 
20 
16 
D.J.N 


General Purpose 
0.6 
7 
-250 
100 Typ 
3 
26 


LinCMOS, Low Bias 
0.1 
0.04 
5 
0.001 Typ 
30 
16 
D.J.N 
3-187 


LinCMOS, Low Bias 
0.1 
0.04 
2 
0.001 Typ 
30 
16 
D.J.N 
3-187 


LinCMOS. Low Bias 
0.1 
0.04 
10 
0.001 Typ 
30 
16 
D.J.N 
3-187 


LinCMOS. Programmable 
12 
5 
0.001 Typ 
2 
16 
D.J.N 


LinCMOS. Programmable 
12 
2 
0.001 Typ 
2 
16 
D.J.N 


TLC264I 
LinCMOS, Programmable 
12 
10 
0.001 Typ 
2 
16 
D.J.N 
3-199 
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internally compensated, quad 


industrial temperature range 


SELECTION GUIDE 


(values specified for Ta - 
Ta 25°C) 


DEVICE 


NUMBER 
DESCRIPTION 
B1 


(MHz) 


TYP 


SR 


(V/Ms) 


TYP 


V|0 
(mV) 


MAX 


•IB 
(nA) 


MAX 


avd 
(V/mV) 


MIN 


SUPPLY VOLTAGE 


(V) 
PACKAGES 
PAGE 


MIN 
MAX 


TL074I 
BIFET. Low Noise 
3 
13 
6 
0.2 
50 
±3.5 
±18 
D.J.N 
3-125 


TL084I 
BIFET. General Purpose 
3 
13 
6 
0.2 
50 
: 3.5 
±18 
J.N 
3-125 


LM248 
General Purpose 
1 
0.5 
6 
200 
25 
±18 
D.J.N 
3-33 


TL064I 
BIFET. Low Power 
1 
3.5 
6 
0.2 
4 
±1.5 
±18 
D.J.N 
3-103 


LM224 
General Purpose 
0.6 
5 
-150 
50 
3 
30 
D.J.N.W 
3-135 


CO 


.22 


"5. 
E 
< 


"co 
c 
o 
"-H 
CO 
»- 
CD 
a 
O 
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SELECTION GUIDE 


internally compensated, quad 


commercial temperature range 
(values specified for Ta • 
25°C) 


DEVICE 


NUMBER 
DESCRIPTION 
Bl 


(MHz) 


TYP 


SR 


IV/^s) 


TYP 


V|0 
ImV) 


MAX 


•IB 
InA) 


MAX 


Avd 
(V/mV) 


MIN 


SUPPLY VOLTAGE 


(V) 
PACKAGES 
PAGE 


MIN 
MAX 


TL294C 
High Frequency 
20 
50 
±4 
±18 
J.N 
3-155 


RC4136 
High Performance 
3 
1.7 
6 
500 
20 
±4 
• 18 
D.J.N.W 
3-83 


TL074AC 
BIFET, Low Noise 
3 
13 
6 
0.2 
50 
±3.5 
±18 
D.J.N 
3-125 


TL074BC 
BIFET, Low Noise 
3 
13 
3 
0.2 
50 
±3.5 
±18 
D.J.N 
3-125 


TL074C 
BIFET, Low Noise 
3 
13 
10 
0.2 
25 
±3.5 
±18 
D.J.N 
3-125 


TL075C 
BIFET, Low Noise 
3 
13 
13 
0.2 
25 
±3.5 
±18 
N 
3-125 


TL084AC 
BIFET. General Purpose 
3 
13 
6 
0.2 
50 
±3.5 
±18 
J.N 
3-135 


TL084BC 
BIFET. General Purpose 
3 
13 
2 
0.2 
50 
-3.5 
±18 
J.N 
3-135 


TL084C 
BIFET. General Purpose 
3 
13 
15 
0 •'• 
25 
±3.5 
±18 
J.'. 
3-135 


rL085C 
BIFET. General Purpose 
3 
13 
15 
0.4 
25 
i3.5 
± 18 
N 
3-135 
R 
TL136C 
High Performance 
3 
2 
6 
500 
3 
Typ 
±4 
±18 
D.J.N 
3-151 
K^l 
LM3900 
General Purpose 
2.5 
0.5 
1.2 
±4.5 
±18 
J.N 
3-47 
BMfl 
TLC254AC 
LinCMOS. High Bias 
2.3 
4.5 
5 
0.001 Typ 
10 
1 
16 
D.J.N 
3-187 


o 


CD 


TLC254BC 
LinCMOS. High Bias 
2.3 
•1.5 
2 
0.001 Typ 
10 
1 
16 
D.J.N 
3-187 


TLC254C 
LinCMOS. High Bias 
2.3 
•: 5 
10 
0.001 Typ 
10 
• 
IG 
D.J.N 
3-187 


TLC274AC 
LinCMOS, High Bias 
2.3 
4.5 
5 
0.001 Typ 
10 
3 
16 
D.J.N 
3-187 


0) 
TLC274BC 
LinCMOS. High Bias 
2.3 
4.5 
2 
0.001 Typ 
10 
3 
16 
D.J.N 
3-187 


TLC274C 
LinCMOS, High Bias 
2.3 
4.5 
10 
0.001 Typ 
10 
3 
16 
D.J.N 
3-187 


o 
LM348 
General Purpose 
1 
0.5 
6 
200 
25 
±18 
D.J.N 
3-187 
3 
9L 
MC3403 
General Purpose 
1 
0.6 
10 
-500 
20 
±1.5 
±18 
D.J.N 
3-57 


TL064AC 
BIFET. Low Power 
1 
3.5 
6 
0.2 
4 
±1.5 
±18 
D.J.N 
3-103 


> 
TL064BC 
BIFET. Low Power 
1 
3.5 
3 
0.2 
4 
±1.5 
± 18 
D.J.N 
3-103 


3 
TL064C 
BIFET. Low Power 
1 
3.5 
15 
0 
2 
3 
±1.5 
±18 
D.J.N 
3-103 


TLC25M4AC LinCMOS. Medium Bias 
0.7 
0.6 
5 
0.001 Typ 
20 
1 
16 
D.J.N 
3-187 


5 
cd' 


CO 


rLC25M4BC 
LinCMOS. Medium Bias 
0 
7 
0.6 
2 
0.001 Typ 
20 
1 
16 
D.J.N 
3-187 


rLC25M4C 
LinCMOS. Medium Bias 
0.7 
O.G 
10 
0.001 Typ 
20 
1 
16 
D.J.N 
3-187 


TLC27M4AC LinCMOS. Medium Bias 
0.7 
0.6 
5 
0.001 Typ 
20 
3 
16 
D.J.N 
3-187 


TLC27M4BC 
LinCMOS. Medium Bias 
0.7 
0.6 
2 
0.001 Typ 
20 
3 
16 
D.J.N 
3-187 


TLC27M4C 
LinCMOS, Medium Bias 
0.7 
0.6 
10 
0.001 Typ 
20 
3 
16 
D.J.N 
3-187 


LM324 
General Purpose 
0.6 
7 
-250 
25 
3 
30 
D.J.N.W 
3-29 


LM324A 
General Purpose 
0.6 
7 
-100 
25 
3 
30 
D,J,N,W 
3-29 


TL044C 
General Purpose 
0.5 
0.5 
5 
250 
60 
±2 
• 18 
J.N.W 
3-99 


TLC25L4AC 
LinCMOS, Low Bias 
0.1 
0 04 
5 
0.001 Typ 
30 
1 
16 
D.J.N 
3-187 


TLC25L4BC 
LinCMOS. Low Bios 
0.1 
0.04 
2 
0.001 Typ 
30 
1 
16 
D.J.N 
3-187 


TLC25L4C 
LinCMOS, Low Bias 
0.1 
0.04 
10 
0.001 Typ 
30 
1 
16 
D.J.N 
3-187 


TLC27L4AC 
LinCMOS. Low Bias 
0.1 
0.04 
5 
0.001 Typ 
30 
3 
16 
D.J.N 
3-187 


TLC27L4BC 
LinCMOS, Low Bias 
0.1 
0.04 
2 
0.001 Typ 
30 
3 
16 
D.J.N 
3-187 


TLC27L4C 
LinCMOS. Low Bias 
0.1 
0.04 
10 
0.001 Typ 
30 
3 
16 
D.J.N 
3-187 
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Input Offset Voltage (V|o) 


The d-c voltage thatmust beapplied between theinput terminals toforce thequiescent d-c output voltage to zero 
or other level, if specified. 


Average Temperature Coefficient of Input Offset Voltage («viO) 


The ratio ofthe change ininput offsetvoltage tothechange in free-air temperature. This isan average value forthe 
specified temperature range. 


aVIO = 
<V|0@TA(1))-(V|o @TA,2))1 
T 
T 
where Ta(1) andTa(2) arethe specified temperature extremes. 


Input Offset Current (l|o) 


The difference between the currentsintothe two input terminals withthe output at zerovolts. 


AverageTemperature Coefficient of Input Offset Current (a||0) 


The ratio ofthechange in input offset current tothechange in free-air temperature. This isanaverage value for the 
specified temperature range. 


"IIO 
= 
ClO @TA(1))-(I|0 @TA(2)l 
TA(1)-TA(2) 


Input Bias Current (I|b) 
~ 
Q. 
Theaverageof the currents into the two input terminals withthe output at zerovolts. 
C 


Common-Mode Input Voltage (V|c) 


The average of thetwoinput voltages. 
^ 


O 
Common-Mode Input Voltage Range (V|cr) 
"J3 
CO 
The range of common-mode input voltage that if exceeded will cause the amplifier tocease functioning properly 
CD 
a 
Differential Input Voltage (V|d) 
O 


The voltage at the noninverting input with respect to the inverting input. 


Maximum Peak Output Voltage Swing (Vom) 


The maximum positive or negative peak output voltage that can be obtained without waveform clipping when the 
quiescent d-c output voltage is zero. 


Maximum Peak-to-Peak Output Voltage Swing (Vopp) 


The maximum peak-to-peak output voltage that can be obtained without waveform clipping when thequiescent d-c 
output voltage is zero. 


Large-Signal Voltage Amplification(Ay) 


The ratio of the peak-to-peak output voltage swing to the change in input voltage required todrive the output. 


Differential Voltage Amplification (Avd) 


The ratio of the change in output voltage to the change in differential input voltage producing it. 


where TA(-|) and TA(2) are the specified temperature extremes. 
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Maximum-Output-Swing Bandwidth (Bom) 


The range of frequencies within which the maximum output voltage swing is above a specified value. 


Unity-Gain Bandwidth (Bi) 


The range of frequencies within which the open-loop voltage amplification is greater than unity. 


Phase Margin (©m) 


The absolute value of the open-loop phase shift between the output and the inverting input at the frequency at which 
the modulus of the open-loop amplification is unity. 


Gain Margin (Am) 


The reciprocal of the open-loop voltage amplification at the lowest frequency at which the open-loop phase shift is 
such that the output is in phase with the inverting input. 


Input Resistance (rj) 


The resistance between the input terminals with either input grounded. 


o 
"O 
CD 
2 
Output Resistance (r0) 


<•+q" 
The resistance between the output terminal andground. 


3 
0^ 
Input Capacitance (Cj) 


^ 
Thecapacitance betweenthe inputterminals with eitherinput grounded. 


^ 
Common-Mode Input Impedance (zjc) 


Zil 
The parallel sum of the small-signal impedance between each input terminal and ground. 
CD 


CO 
Output Impedance (z0) 


The small-signal impedance between the output terminal and ground. 


Common-Mode Rejection Ratio (kCMR' CMRR) 


The ratio of differential voltage amplification to common-mode voltage amplification. 
NOTE: This is measured by determining the ratio of a change in input common-mode voltage to the resulting change 


in input offset voltage. 


Supply Voltage Sensitivity (ksvs. AVio/AVqc) 


The absolute value of the ratio of the change in input offset voltage to the change in supply voltages producing it. 
NOTES: 
1. Unless otherwise noted, both supply voltages are varied symmetrically. 
2. 
This is the reciprocal of supply voltage rejection ratio. 


Supply Voltage Rejection Ratio (ksVR- AVcc/AV|o) 


The absolute value of the ratio of the change in supply voltages to the change in input offset voltage. 


NOTES: 
1. 
Unless otherwise noted, both supply voltages are varied symmetrically. 
2. 
This is the reciprocal of supply voltage sensitivity. 


Differential Input Resistance (rjd) 


The small-signal resistance between the two ungrounded input terminals. 
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Equivalent Input Noise Voltage (Vn) 


The voltage of an ideal voltage source (having an internal impedance equal to zero) in series with the input terminals 
of the device that represents the part of the internallygenerated noise that can properly be represented by a voltage 


source. 


Equivalent Input Noise Current (ln) 


The current of an ideal current source (having an internal impedance equal to infinity)in parallel with the input terminals 
of the device that represents the part of the internally generated noise that can properly be represented by a current 


source. 


Average Noise Figure (F) 


The ratio of (1) the total output noise power within a designated output frequency band when the noise temperature 
of the input termination(s) is at the reference noise temperature, To, at all frequencies to (2) that part of (1) caused 
by the noise temperature of the designated signal-input termination within a designated signal-input frequency band. 


Short-Circuit Output Current Oos' 


The maximum output current available from the amplifier with the output shorted to ground, to either supply, or to 
a specified point. 


Supply Current dec' 


The current into the Vcc °r VfjC+ terminal of an integrated circuit. 
!£ 
"5. 
Total Power Dissipation (Pd) 
C 


The total d-c power supplied to the device less any power delivered from the device to a load. 
^ 
NOTE: At no load: Pq = VQC+ • >CC+ + Vcc- • "CC-- 
*J5 


C 
Crosstalk Attenuation (V0i/V02) 
.2 


The ratio of the change in output voltage of adriven channel to the resulting change in output voltage of another channel. 
2 


CD 
Rise Time (tr) 
CL 


The time required for an output voltage step to change from 10% to 90% of its final value. 


Total Response Time (Settling Time) (ttot) 


Thetimebetweena step-function changeofthe input signal level andthe instantat which the magnitude oftheoutput 
signal reaches forthe last timea specified level range (±e) containing the final output signal level. 


Overshoot Factor 


The ratio of (1) the largest deviationof the output signal value from its final steady-state value after a step-function 
change of the input signal, to (2)the absolute valueofthe difference between the steady-state output signalvalues 
before and after the step-function change of the input signal. 


Slew Rate (SR) 


The average timerate of changeof the closed-loop amplifier outputvoltage fora step-signal input. 
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LINEAR 
INTEGRATED 
CIRCUITS 


TYPES LM101A, LM201A, LM301A 
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 


Low Input Currents 


Low Input Offset Parameters 


Frequency and Transient Response 
Characteristics Adjustable 


Short-Circuit Protection 


Offset-Voltage Null Capability 


No Latch-Up 


Wide Common-Mode and Differential 
Voltage Ranges 


Same Pin Assignments as uA709 


Designed to be Interchangeable with 
National Semiconductor LM101A and 
LM301A 


description 


The LM101A, 
LM201A, and LM301A are high- 
performance operational amplifiers featuring very low 
input bias current and input offset voltage and current 
to improve the accuracy of high-impedance circuits 
using these devices. The high common-mode input 
voltage range and the absence of latch-up make these 
amplifiers ideal for voltage-follower applications. The 
devices are protected to withstand short-circuits at 
the output. The external compensation of these 
amplifiers allows the changing 
of 
the frequency 
response (when the closed-loop gain is greater than 
unity) for applications requiring wider bandwidth or 
higher slew rate. A potentiometer may be connected 
between the offset-null inputs (N1 and N2), as shown 
in Figure 7, to null out the offset voltage. 


The LM101A is characterized for operation over the 
full military temperature range of - 55 °C to 125 °C, 
the LM201A 
is characterized for operation from 
-25°C to 85 °C, and the LM301A is characterized 
for operation from 0°C to 70 °C. 


symbol 


NONINVERTING 


INPUT IN+ 


INVERTING 


INPUT IN- 


OUTPUT 


D961, OCTOBER 1979-REVISED AUGUST 1983 


D. JG. OR P DUAL-IN-LINE PACKAGE 


(TOP VIEW) 
ni/comprti D SQCOMP 
IN-C2 
7DVCC + 
6 DOUT 
5 ] OFFSET N2 
in+ n 
vcc-C 


W 
FLAT PACKAGE 


(TOP VIEW) 


NCC 
NCC 
N1/COMP C 
IN- C 
IN+ C 
VCC- C 
NC C 


TJ 
] NC 
3 NC 
1 COMP 
3 vcc + 
3 OUT 
2 OFFSET N2 
3 NC 


LM101A 


U FLAT PACKAGE 


(TOP VIEW) 


2 
9 


3 
8 


4 
7 


5 
6 


NC C 
N1/COMP E 
IN- Q 
IN+ C 
vcc- C 


3 NC 
] COMP 
3 vCc + 
3 OUT 
3 OFFSET N2 


LM101A 


FH OR FK CHIP-CARRIER PACKAGE 


(TOP VIEW) 


O 
o_ 
y 
^ 
(J .- 
U 
o 
u 
z 
z 
z 
u 
z 


/ 
3 
2 
1 
20 -J \ 
19 \ 


NC 
]4 
18[ 
NC 
IN- 
J5 
17l 
vcc + 
NC 
Je 
161 
NC 


IN + 
J? 
151 OUT 


NC 
]8 
14[ 
NC 
\ 
9 
10 11 
i—>r—i 
12 13 / 


NC —No internal connection 


.2 


"5. 
E 
< 


"55 
c 
o 


CO 
i- 


O 
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TYPES LM101A, LM201A, LM301A 
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


LM101A 
LM201A 
LM301A 
UNIT 
Supply voltage Vrjc+ (see Note 1) 
22 
22 
18 
V 
Supply voltage Vcc - 
,soe Note '1 
-22 
-22 
-18 
V 
Differential input voltage (see Note 2) 
±30 
±30 
±30 
V 
Input voltage (either input, see Notes 1 and 3) 
±15 
±16 
±15 
v 
Voltage between either offset null terminal (N1/N2) and Vcc- 
-0.5 to 2 
-0.5 to 2 
-0.5 to 2 
v 
Duration of output short-circuit (see Note 4) 
unlimited 
unlimited 
unlimited 
Continuous total power dissipation at (or below) 
25 °C free-air temperature (see Note 5) 
500 
500 
500 
mW 


Operating free-air temperature range 
-55 to 125 
-25 to 85 
0 to 70 
°C 
Storage temperature range 
-65 to 150 
-65 to 150 
65 io 150 
°C 
Lead temperature 1,6 mm (1/16 inch) 


from case for 60 seconds 
FH. FK. JG. U. or W package 
300 
300 
300 
°C 


Lead temperature 1,6 mm (1/16 inch) 


from case for 10 seconds 
D or P package 
260 
260 
°C 


NOTES: 1. All voltage valuos. unlessothorwise noted, are with respect to thomidpoint between Vq^+ and^CC-- 
2. 
Differential voltages are at the noninverting input terminal with respect to the inverting Input terminal. 
3. The magnitude of the input voltage must never oxceed the magnitude of the supply voltage or 15 volts, whichever is loss. 
4. 
The output may be shorted to ground or either power supply. For the LM101A only, the unlimited duration of the short-circuit applies at (or below) 
125°C case temperature or 75°C free-air temperature. For the LM201A only, the unlimited duration of the short-circuit applies at (or belowl 
85 °C case temperature or 75 °C free air temperature. 
5. Foroperation above 25°C free-airtemperature, refer to Dissipation DeratingCurves, Section 2. In the J and JG packages. LM101A chips are 
alloy-mounted; LM201A and LM301A chips are glass-mounted. 
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TYPES LM101A, LM201A, LM301A 
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-air temperature, Cc = 30 pF (see Note 6) 


PARAMETER 
TEST CONDITIONS' 
LM101A. LM201A 
LM301A 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


V|0 
Input offset voltage 
V0 
• 0 V 
25°C 
0.6 
2 
2 
7.5 
mV 
Full range 
3 
10 


QVIO 


Average temperature 


coefficient of 


input offset voltage 
V0 
= 0 V 
Full range 
3 
15 
6 
30 
^V/°C 


'10 
Input offset current 
25°C 
1.5 
10 
3 
50 
nA 
Full range 
20 
70 


"110 


Average temperature 


coefficient of 


input offset current 


TA = -55°C to 25°C 
0.02 
0.2 


nA/°C 
TA = 25 °C to MAX 
0.01 
0.1 
TA = 0°C to 25°C 
0.02 
0.6 
TA = 25 °C to 70°C 
0.01 
0.3 


'IB 
Input bias current 
25°C 
30 
75 
70 
250 
nA 
Full range 
100 
300 


V|CR 
Common-mode 


input voltage range 
See Note 7 
Full range 
±15 
±12 
V 


vOPP 
Maximum peak-to-peak 
output voltage swing 


VCC± = ±15 V, 
Rl - 
io kn 


25°C 
24 
28 
24 
28 


V 
Full range 
24 
24 
VCC± = ±15 V, 
RL - 
2 kf) 


25°C 
20 
26 
20 
26 
Full range 
20 
20 


avd 
Large-signal differential 
voltage amplification 


VCC± = ±'5 V. 
V0 = ±10 V. 


RL 2: 2 kf) 


25 °C 
50 
200 
25 
200 
V/mV 
Full range 
25 
15 


n 
Input resistance 
25 
C 
1.5 
4 
0.5 
2 
Mfl 


CMRR 
Common-mode 


rejection ratio 
V|C - 
V|CR min 
25 "C 
80 
98 
70 
90 
dB 
Full range 
80 
70 


kSVR 


Supply voltage 


rejection ratio 


(A Vcc«i VI0> 


25°C 
80 
98 
70 
96 
dB 
Full range 
80 
70 


ice 
Supply current 


No Load, 


Vo = 0 V, 


See Note 7 


25 °C 
1.8 
3 
1.8 
3 
mA 
MAX 
1.2 
2.5 


All characteristics oremoasurod under open-loop conditions with jero common-mode input voltage unlo 
-55°C to 125°C, for LM201A is -25°C to 85°C. and for LM301A Is 0°C to 70°C. 
NOTES: 6. Unloss othorwise noted. Vcc± = ±5Vto ±20Vfor LM101A and LM201A. and VCCl . 
are at Vcc ± • 
± 15 V. 
7. For LMIOIAand LM201A. VCC± = ±20 V.For LM301A. VCCi - ±15V. 


i otherwise specified. Full range for LM101A is 


±5 Vto ±15 Vfor LM301A. All typical values 
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TYPES LM101A, LM201A, LM301A 
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 
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INPUT OFFSET CURRENT 


vs 
FREE-AIR TEMPERATURE 


:-cc 
IV 


s 
LM 
D1A 
\ 


LM1 


LM21 1IA 
""" 


-75 
-BO -2S 
0 
25 
SO 
78 
100 
125 
TA-F'tt-Air Ttmp«rituf«-qC 


FIGURE 1 


OPEN-LOOP LARGE-SIGNAL 


DIFFERENTIAL 
VOLTAGE AMPLIFICATION 


vs 
SUPPLY VOLTAGE 


'.- -21i*c 
1 


/ 
LM3C 
A 


Ml 
1A 


4 
6 
S 
10 
12 
14 
16 
18 
20 
IVCC:l-SupplyVolH9.-V 


TYPICAL CHARACTERISTICS 


INPUT BIAS CURRENT 


vs 
FREE-AIR TEMPERATURE 


vcc 
* 
\ 


\ 
s 
\ 
\LM301A 
s 
\ 
, 
\ 
\ 


LM101A^* 


LM201A 


-75 -50-25 
0 
25 
50 
75 
100 
125 
TA-F't«-Air Ttmp<ri1uff-*C 


FIGURE 2 


OPEN-LOOP LARGE-SIGNAL 


DIFFERENTIAL 
VOLTAGE AMPLIFICATION 


FREQUENCY 


VCC!" sv 


_, 
CC - 30 pF 
\ 
\ 


\ 
I 
Ik 
10 k 100 k 1M 10 M 100 M 


f-FriquMCY-Hj 


MAXIMUM PEAK-TO-PEAK 
OUTPUT VOLTAGE (WITH 
SINGLE-POLE COMPENSATION) 


vs FREQUENCY 


10 k 
100 k 
t-fnquancy-Hl 


VOLTAGE-FOLLOWER 
LARGE-SIGNAL PULSE RESPONSE 


i 
4 
I 


Vf.C- 
-15 V 


Cl 
T 
* 
'output 
|> 
T/ »i . 
c 
/ 
V 
/ 
1 IPU 
1 \ 
' 


v 
\. 


10 
20304050(0 
70 
8090 


t-Tim«—pi 


TYPICAL APPLICATION DATA 


FIGURE 7- INVERTING CIRCUIT WITH ADJUSTABLE GAIN, 
SINGLE-POLE COMPENSATION. AND OFFSET ADJUSTMENT 
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TYPES LM107, LM207, LM307 
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 


D962. DECEMBER 1970-REVISED AUGUST 1983 


Low Input Currents 


No Frequency Compensation Required 


Low Input Offset Parameters 


Short-Circuit Protection 


No Latch-Up 


Wide Common-Mode and Differential 
Voltage Ranges 


description 


The 
LM107, 
LM207, 
and 
LM307 
are 
high- 
performance operational amplifiers featuring very low 
input bias current and input offset voltage and current 
to improve the accuracy of high-impedance circuits 
using these devices. 


The high common-mode input voltage range and the 
absence of latch-up make these amplifiers ideal for 
voltage follower applications. The devices are short- 
circuit 
protected 
and 
the 
internal 
frequency 
compensation 
ensures 
stability 
without 
external 


components. 


The LM107 is characterized for operation over the full 
military temperature range of - 55 °C to 125 °C, the 
LM207 is characterized for operation from - 25 °C to 
85 °C, and the LM307 is characterized for operation 


from 0°C to 70 °C. 


symbol 


NONINVERTING 


INPUT IN+ 
OUTPUT 


LM107... J OR W 
PACKAGE 
LM207. LM307 . . . W 
PACKAGE 


(TOP VIEW) 


NC Ql ^14P NC 
NC C 2 
13D NC 
NC [3 
IN- 
C" 
12 3 NC 


11 3 vCc + 
10 3 OUT 
9 D NC 
8 3 NC 


IN + 
vcc- 
NC O 


LM107 . . . JG PACKAGE 
LM207. LM307 . . . D. JG. OR P PACKAGE 


(TOP VIEW) 


NC Qi U 8p NC 
IN- £2 
7 3 VCC+ 
IN+ Q3 
6] OUT 
VCC- C« 
5 ] NC 


LM107 . . . U FLAT PACKAGE 


(TOP VIEW) 


NC Q 
NC C 
IN- C 
IN+ fj 
VCC- C 


2 
9 


3 
8 


4 
7 


5 
6 


3 NC 
3 COMP 
3 vcc + 
3 OUT 
3 NC 


NC-No internal connection 
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TYPES LM107, LM207, LM307 
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 


LM107 
LM207 
LM307 
UNIT 
Supply voltago Vcc- 'see Note 1) 
22 
22 
18 
V 
Supply voltage Vcc- (see Note 1) 
-22 
- 22 
-18 
V 
Differential input voltage (see Note 21 
= 30 
= 30 
= 30 
V 
Input voltage (either input, see Notes 1 and 3) 
= 15 
= 15 
- 
15 
V 
Duration of output short-circuit (see Note 41 
unlimited 
unlimited 
unlimited 
Continuous total dissipation at (or below) 25 °C free-air temperature (see Note 5) 
500 
500 
500 
mW 
Operating free-air temperature range 
-55 to 125 
-25 to 85 
0 
to 70 
°C 
Storage temperature range 
-65 to 150 
-65 to 150 
-65 to 150 
°C 


Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds 
JG, U, or W package 
300 
300 
300 
°C 


Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 
D or P package 
260 
260 
°C 


NOTES: 1. All voltage values,unlessotherwise noted, are with rospoct to the midpoint betweenVqq+ and Vcrj_. 
2. 
Differential voltages are at the nonlnvorting input terminal with respect to the Inverting Input terminal. 
3. 
The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever Is less. 
4. 
The output may be shorted to ground or either power supply. Forthe LM107only, the unlimited duration of the short-circuit applies at (or below) 
125 °C case temperature or 75°C free-air temperature. For the LM207 only, the unlimited duration of the short-circuit applies at (or belowl 85 °C 
case temperature or 75°C free air temperature. 
5. 
For operation above 25 °C free-air temperature, refer to Dissipation Derating Curves, Section 2. 
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TYPES LM107, LM207, LM307 
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-air temperature (see Note 6) 


PARAMETER 
TEST CONDITIONS' 
LM107. LM207 
LM307 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


V|0 
Input offset voltage 
V0 = 0 
25°C 
0.6 
2 
2 
7.5 
mV 
Full range 
3 
10 


QVIO 


Average temperature 


coefficient of 


input offset voltage 
v0 = o 
Full range 
3 
15 
6 
30 
,A//0C 


ho 
Input offset current 
V0 = o 
25°C 
1.5 
10 
3 
50 
nA 
Full range 
20 
70 


<»IIO 


Average temperature 


coefficient of 


input offset current 


Ta = -55°C to 25 °C 
0.02 
0.2 


nA/°C 
TA = 25 °C to MAX 
0.01 
0.1 
Ta = 0°C to 25°C 
0.02 
0.6 


TA = 25 °C to 70 °C 
0.01 
0.3 


'IB 
Input bias current 
25°C 
30 
75 
70 
250 
nA 
Full range 
100 
300 


VICR 
Common-mode 


input voltage range 
See Note 7 
Full range 
±15 
±12 
V 


vOPP 
Maximum peak-to-peak 


output voltage swing 


VCc± = ±15 V, 


RL = 10 kf] 


25°C 
24 
28 
24 
28 


V 
Full range 
24 
24 


VCc= = t15V, 
RL = 2 kf) 


25°C 
20 
26 
20 
26 


Full range 
20 
20 


AVD 
Large-signal differential 


voltage amplification 


VCC= 
- 
=15 V. 
V0 = = 10 V. 


RL 2: 2 kf) 


25°C 
60 
200 
25 
200 
V/mV 
Full range 
25 
15 


r; 
Input resistance 
25°C 
1 5 
4 
0.5 
2 
Mil 


CMRR 
Common-mode 


rejection ratio 
VIC = VICR min 
25°C 
80 
98 
70 
90 
dB 
Full range 
80 
70 


kSVR 


Supply voltage 


rejection ratio 


(A Vcc/4 V|0) 


25°C 
80 
98 
70 
96 


dB 
Full range 
80 
70 


'CC 
Supply current 


No Load, 
v0 - o. 


See Note 7 


25 °C 
1.8 
3 
1.8 
3 
mA 


MAX 
1.2 
2.5 


'Allcharacteristics aremeasured underopen-loop conditions withzerocommon-mode input voltage unlessotherwise 
to 125°C. for LM207 Is -25°C to 85 °C. and for LM307 is 0°C to 70°C. 
NOTES: 6. Unless othorwise noted Vcc ± - ±5 V to ±20 V forLM107 and LM207. and Vcc± " ±6Vto 
at Vcc± • 
±15 V. 
7. For LM107 and LM207. Vcc- " ±20 V. For LM307.Vcc± = ± 15 V. 


specified. Full range for LM107 Is - 55°C 


± 15 V for LM307. All typical values are 
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Operational Amplifiers 


LINEAR 
INTEGRATED 
CIRCUITS 


Input Bias Current 
LM108, LM208 . . . 3 nA Max 
LM308 . . . 10 nA Max 


Offset Current 
LM108. LM208 
LM308 
. 400 pA Max 
. 1500 pA Max 


• 
Supply Current . . . 300 /«A Typ 


• 
Direct Replacement for 
National Semiconductor 
LM108. LM208. and LM308 


description 


The LM108, LM208, and LM308 are precision operational amplifiers featuring very low input bias current 
and input offset voltage and current to improvethe accuracy of high-impedance circuits using these devices. 
In most cases these devices make it possible to eliminate offset adjustments for performances approaching 
that of chopper-stabilized amplifiers. As an example, the LM108 device is availablewith offset voltage 
less than 1-millivoltand temperature coefficient less than 5/zV/°C over the entire military temperature range. 


These devices are designed to withstand short-circuits at the output. The external compensation of these 
amplifiers allows changing the frequency response (when the closed-loop gain is greater than unity) for 
applications requiring wider bandwidth or higher slew rate. 


The LM108 is characterized for operation over the full military temperature range of -55°C to 125°C. 
The LM208 is characterized for operation from -25°C to 85 °C, and the LM308 is characterized for 
operation from 0°C to 70 °C. 


TYPES LM108, LM208, AND LM308 
PRECISION OPERATIONAL AMPLIFIERS 


D2808. OCTOBER 1983 


LM108 


LM208. LM308 . 


. JG DUAL-IN-LINE PACKAGE 


. D. JG. OR P DUAL-IN-LINE PACKAGE 


ITOP VIEW) 
COMPpi D 8Q COMP2 


-> Jvcc- 
IN- C 2 
IN+ C 3 
vCc-L> 


NC-No internal connection 


I]OUTPUT 
Unc 


symbol 
INVERTING 
|[V 
INPUT IN- 


NONINVERTING 


INPUT IN+ 
T 
|_COMP 


2 


OUTPUT 
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TYPES LM108, LM208, AND LM308 
PRECISION OPERATIONAL AMPLIFIERS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


LM108 
LM208 
LM308 
UNIT 
Supply voltage, Vcc+ (sob Note 1) 
18 
20 
20 
V 
Supply voltage. Vfjfj- (see Note 1) 
-18 
-20 
-20 
V 
Input voltage (see Note 2) 
±15 
±15 
±15 
V 
Differential input current (see Note 31 
±10 
±10 
= 10 
mA 
Duration of output short-circuit (see Notes 4 and 5) 
Unlimited 
Unlimited 
Unlimited 
Continuous total power dissipation at (or below) 25 °C free-air temperature 
500 
500 
500 
mW 
Operating temperature range 
-55 to 125 
-25 to 85 
0 to 70 
°C 
Storage temperature range 
-65 to 150 
-65 to 150 
-65 to 150 
°C 
Lead temperature 1.6 mm (1/16 inch) 


from case for 60 seconds 
JG package 
300 
300 
300 
°C 


Lead temperature 1.6 mm (1/16 inch) 


from case for 10 seconds 
D or P package 
260 
260 
°C 


NOTES: 1. All voltage values, unless otherwise noted, erewith respect to themidpoint between Vqq^ and Vrr_• 
2. The magnitude of the inputvoltegemust neverexceedthe magnitude of the supply voltage or 15 volts, whichever is less. 
3. Theinputsareshuntedwithtwo opposito-facing base-emitterdiodesforover-voltage protection.Therefore, excessivecurrentwillflowifa differential 
inputvoltagein excess of approximately 1 V is applied betweenthe inputsunlesssomolimiting resistanceis usod. 
4. Differential voltages are at the noninvertinginput terminalwith respect to the invorting input terminal. 
5. 
The output may be shorted to ground or either power supply. 


electrical characteristics at specified free-air temperature (see Note 6) 


PARAMETER 
TEST CONDITIONS' 
LM108. LM208 
LM308 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


V|0 
Input offset voltage 
2 5 
C 
0.7 
2 
2 
7.5 
mV 
Full range 
3 
10 


"VIO 


Average temperature 


coefficient of input 


offset voltage 


Full range 
3 
15 
6 
30 
?VI°C 


'10 
Input offset current 
25°C 
0.05 
0.2 
0.2 
1 
nA 
Full range 
0.4 
1.5 


QII0 


Averege tomperature 


coefficient of input 


offset current 


Full range 
0.5 
2.5 
2 
10 
pA/°C 


'IB 
Input bias current 
25°C 
0.8 
2 
1.5 
7 
nA 
Full range 
3 
10 


VICR 
Common-mode input 


voltago range 
VCC = ±15 V 
Full range 
±13.5 
±14 
V 


V0M 
Maximum peak 


output voltage swing 
Vcc "16 V, 


RL = 10 kfl 
Full range 
±13 
± 14 
±13 
±14 
V 


Ave 
Large-signal differential 


voltage gain 


VCC -- ±15 V. V0 = 1:10 V. 


RL > 10 kO 


25°C 
50 
300 
25 
300 
V/mV 
Full range 
25 
15 


r. 
Input resistance 
25CC 
30 
70 
10 
•:o 
MD 


CMRR 
Common-mode 


rejection ratio 
Full renge 
85 
100 
80 
100 
dB 


kSVR 
Supply voltage rejection 


ratio QVccaV|0l 
Full range 
80 
96 
80 
96 
dB 


ice 
Supply current 
25°C 
0.3 
0.6 
0.3 
0.8 
mA 
MAX 
0.15 
0.4 


1All characteristics are specified underopen-loop conditions withzerocommon-mode inputvoltageunlessotherwise noted.Full rangeis - 55°C to 125°C 
for LM108. -25°C to 85 °C for LM208, and0°C to 70°C for LM308. For conditions shown as MAX,use the appropriate maximum value specified under 
absolute maximum ratings. 
NOTE 6: Unless othorwise noted. Vcc- = *5 V to ± 18 V for LM108and LM208. and Vcc " ±5 V to ±15 V for LM308. 
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LINEAR 
INTEGRATED 
CIRCUITS 


Input Current . . . 10 nA Max 


Small-Signal Bandwidth ... 20 MHz 


Slew Rate ... 30 V/>8 


Supply Voltage Range ... ±5 V to ±18 V 


Direct Replacements for National 
Semiconductor LM110, LM210, and LM310 


description 


The LM110 series are monolithic operational 
amplifiers internally connected as unity-gain non- 
inverting amplifiers. They use transistors in the 
input stage to get low bias current without 
sacrificing 
speed 
and 
they 
have 
internal 
frequency compensation and provision for offset 
balancing. Increased output swing under load 
can be obtained by connecting an external 
resistor between the Booster terminal and the 
Vcc- terminal. 


These devices are useful in fast sample-and-hold circuits, active filters, or as general purpose buffers. They 
are plug-in replacements for the LM102 series voltage followers, offering lower offset voltage, drift, bias 
current, and noise in addition to higher speed and wider operating voltage range. 


The LM110 is characterized for operation over the full military temperature range of -55°C to 125°C. 
The LM210 is characterized for operation over the temperature range of -25°C to 85°C, and LM310 
is characterized for operation over the temperature range of 0°C to 70 °C. 


absolute maximum ratings 


TYPES LM110, LM210, AND LM310 
VOLTAGE FOLLOWERS 


LM110. 


LM210. LM310 


D2815. OCTOBER 1983 


JG DUAL-IN-LINE PACKAGE 


. JG OR P DUAL-IN-LINE PACKAGE 


(TOP VIEW) 


BAL1 Qi UeQ BAL2 
NCQ 2 
IN+C 
vcc-C 


7 Dvcc + 
6 ] OUT 
5 ] BOOSTER 


NC-No internal connection 


symbol 


NONINVERTING (31 


INPUT IN+ 


BALANCE 1 


BALANCE 2 


LM110 
LM210 
LM310 
UNITS 


Supply voltage, Vcc+ (see Note 1) 
18 
18 
18 
V 


Supply voltage, Vrjc- 
-18 
-18 
-18 
V 


Input voltage (see Note 2) 
±15 
±15 
±15 
V 


Duration of output short-circuit (see Notes 3 and 4) 
Unlimited 
Unlimited 
Unlimited 


Continuous total dissipation at (or below) 25°C 


free-air temperature range (see Note 5) 
500 
500 
500 
mW 


Operating free-air temperature range 
-55 to 125 
-25 to 85 
Oto 70 
°c 


Storage temperature range 
-65 to 150 
-65 to 150 
-65 to 150 
°c 


Lead temperature at 1,6 mm (1/16 inch) 


from case for 60 seconds 
JG package 
300 
300 
300 
°c 


Lead temperature at 1,6 mm (1/16 inch) 


from case for 10 seconds 
P package 
260 
260 
°c 


NOTES: 1. Allvoltego values, unless othorwise noted, are with respect to the midpoint between Vqq+ and Vcc_. 
2. 
The magnitude of the input voltage must nover exceed the magnitude of tho supply voltage or 15 volts, whichever is loss. 
3. 
The output may be shorted to ground or oithor power supply. 
4. 
It is necossary to insert a resistor (R a 
2 kilohmsl in series with the input when the amplifier is driven from low-impedance sources to prevent 
damage when the output is shorted. 
5. 
For operation above 25°C frooair temperature, refer to Dissipation Derating Tables in Section 2. In the JG peckago. LM110 chips are alloy mounted. 
LM210 end LM310 chips are glass mounted. 
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electrical characteristics at specified free-air temperatures, Vcc± = ±5 V to ±18 V 
(unless otherwise noted) 


PARAMETER 
TEST CONDITIONS' 
LM110 
LM210 
LM310 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


V|0 
Input offset voltage 
25 °C 
1.5 
4 
1.5 
4 
2.5 
7.5 
mV 
Full range 
6 
6 
10 


"VIO 


Average temperature 


coefficient of input 


offset voltage 


Full range 
12 
12 
10 
lxVI°C 


l|B 
Input bias current 
25°C 
1 
3 
1 
3 
2 
7 
nA 
"Full range 
10 
10 
10 


VOM 
Maximum peak 
output voltage swing 
VCC± 
= ±15 V, 
RL = 10 kO 
Full range 
±10 
±10 
±10 
V 


Ay 
Large-signal 


voltage gain 


VCC ± = ± 15 V 
Vo = ±10 V. 
RL - 8 kl) 
25°C 
0.999 
0.9999 
0.999 
0.9999 
0.999 
0.9999 


V/V 
VCC± 
- 
±15 V. 
Vo = ±10 V. 


RL • 
10 kn 


Full range 
0.999 
0.999 
0.999 


ksVR 
Supply voltage rejection 
ratio (AVcc/AV|q) 
Full rango 
70 
80 
70 
80 
70 
80 
dB 


r; 
Input resistance 
25°C 
1010 
1012 
1010 
1012 
1010 
1012 
i) 
'o 
Output resistance 
25°C 
0.75 
2.5 
0.75 
2.5 
0.75 
2.5 
0 
q 
Input capacitance 
Full range 
1.S 
1.5 
1.5 
pF 


ice 
Supply current 
v0 - o. 


No load 


25°C 
3.9 
5.5 
3.9 
5.5 
3.9 
5.5 
mA 
MAX 
2 
4 
2 
4 
2 
4 


' All cha 
shown 
lactoristicsare specifiedunder open-loopoperation. Full range is -55°C to 125°C for LM110. -25°C to85°C for LM210. and 0°C to 70°C for LM310. Forconditions 
as MAX. use the appropriate value speciliod under absolute maximum ratings. 


LINEAR 
INTEGRATED 
CIRCUITS 


Wide Range of Supply Voltages: 
Single Supply ... 3 V to 30 V 
(LM2902 ... 3 V to 26 V), 
or Dual Supplies 


Low Supply Current Drain Independent of 
Supply Voltage . . . 0.7 mA Typ 


a 
Common-Mode Input Voltage Range 
Includes Ground Allowing Direct Sensing 
near Ground 


a 
Low Input Bias and Offset Parameters: 
Input Offset Voltage ... 3 mV Typ 
A Versions ... 2 mV Typ 
Input Offset Current . . . 2 nA Typ 
Input Bias Current . . . 20 nA Typ 
A Versions . . . 15 nA Typ 


a 
Differential Input Voltage Range Equal to 
Maximum-Rated Supply Voltage ... 32 V 
(26 V for LM2902) 


a 
Open-Loop Differential Voltage 
Amplification ... 100 V/mV Typ 


a 
Internal Frequency Compensation 


description 


These devices consist of four independent, high-gain 
frequency-compensated operational amplifiers that 
were designed specifically to operate from a single 
supply over a wide range of voltages. Operation from 
split supplies is also possible so long as the difference 
between the two supplies is 3 volts to 30 volts (for 
the LM2902. 3 volts to 26 volts), and Pin 4 is at least 
1.5 volts more positive than the input common-mode 
voltage. The low supply current drain is independent 
of the magnitude of the supply voltage. 


Applications 
include 
transducer 
amplifiers, 
d-c 
amplification 
blocks, 
and 
all 
the 
conventional 
operational amplifier circuits that now can be more 
easily implemented in single-supply-voltage systems. 
For example, the LM124 can be operated directly off 
of the standard five-volt supply that is used in digital 
systems and will easily provide the required interface 
electronics without requiring 
additional 
±15-volt 
supplies. 


The LM124 is characterized for operation over the full 
military temperature range of - 55 °C to 125 °C. The 
LM2902 is characterized for operation from -40°C 
to 85 °C, the LM224 and LM224A from -25°C to 
85°C, and the LM324 and LM324A from 0°C to 
70°C. 


TYPES LM124, LM224, LM224A, 
LM324, LM324A, LM2902 
QUADRUPLE OPERATIONAL AMPLIFIERS 


D1990, SEPTEMBER 1975-REVISED SEPTEMBER 1983 


D. J. OR N DUAL-IN-LINE PACKAGE, 


OR W FLAT PACKAGE 


(TOP VIEWI 


AMPL 


#1 
("out dTTTut] out 
tlN-C 
IN+ C 
vccC 
AMPLriN+L~ 


13TIN- 
12 H IN + 
11 Hgnd 
10]IN+ 
9jjlN- 
8 UOUT 
#2 \IN-C 
outC 


AMPL 
#4 


AMPL 
#3 


LM124 


FH OR FK CHIP CARRIER PACKAGE 


(TOP VIEWI 


T- r- (J •* 
T* 
t 
* 
2 
* 
* 
Ss 


/ 
3 
2 
1 
20 15 \ 
#1 
IN + 
]4 
is r #4 IN + 


NC ]5 
17[ NC 
vcc ]e 
16[ GND 


NC J7 
15[ NC 
#2 IN + 
J8 
14[ #3 IN + 
^ 
8 
10 11 
12 13 / 
| HOt 
I 
z 
3 
z 
D z 


cm cs| 
CO CO 


NC—No internal connection 


symbol (each amplifier) 


INVERTING 
INPUT IN- 


NONINVERTING 
INPUT IN+ 
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TYPES LM124, LM224, LM224A. 
LM324, LM324A, LM2902 
QUADRUPLE OPERATIONAL AMPLIFIERS 


schematic (each amplifier) 


INVERTING 


INPUT 


NONINVERTING 


INPUT 


»6-uA 


CURRENT 


REGULATOR 


«"6-jjA 


CURRENT 
REGULATOR 


<»100-uA 


CURRENT 
REGULATOR 


r,7 
r.i 


absolute maximum ratings overoperating free-air temperature range (unless otherwise noted) 


VCC 


LM124 


LM224. LM224A. 


LM324. LM324A 


LM2902 
UNIT 


Supply voltage, Vcc 'seo Note 1) 
32 
26 
V 
Differential voltage (see Note 2) 
= 32 
±26 
V 
Input voltage range (either input) 
-0.3 to 32 
-0.3 to 26 
V 
Duration of output short-circuit (one amplifier) to groundat (or below) 
25 °C free-air temperature (Vcc s 15 V)(see Note 3) 
unlimited 
unlimited 


Continuous total dissipation at (or below) 
25°C free-air temperature (see Note 41 
D or J package 
900 
900 
mW 
N package 
875 
875 


Operating free-air temperature range 


LM124 
-55 to 125 


°C 
LM224. LM224A 
-25 to 85. 
LM324, LM324A 
0 to 70 
LM2902 
-40 to 85 
Storage temperature range 
-65 to 150 
-65 to 150 
°C 


Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds 
FH, FK, J 


or W package 
300 
300 
°C 


Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 
D or N package 
260 
260 
°C 


1. All voltage values, except differential voltegos and Vccspecified for themeasurement oflos. are with respect tothenetwork ground terminal. 
2. Differential voltages areat the noninverting input terminal with respoct to the inverting input terminal. 
3. Short circuits from outputs to Vcc can cause excessive heating and eventual destruction. 
4. For operation ebovo 25°C freo-oir temperaturo, refer todissipstion Derating Curves. Section 2.In theJ package, LM124 chips are alloy-mounted; 
LM224. LM324. and LM2902 chips are glass-mounted. 
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electrical characteristics at specifiedfree-air temperature, Vcc = 5 V (unless otherwise noted) 


PARAMETER 
TEST CONDITIONS' 
LM124. LM224 
LM324 
LM2902 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


V|0 
Input offset voltage 
Vcc • 
5 V to MAX. 


VIC = V|CR min. 
V0 
- 
1.4 V 


25 °C 
3 
5 
3 
7 
3 
7 
mV 
Full range 
7 
9 
10 


'10 
Input offset current 
Vq = 1.4 V 
25 "C 
2 
30 
2 
iiO 
2 
50 
nA 
Full range 
100 
150 
200 


l|B 
Input bias current 
Vo = 1.4 V 
25°C 
-20 
150 
-20 
-250 
-20 
-250 
nA 
Full range 
-300 
-500 
-500 


V|CR 
Common-mode input 
voltage range 
VCC = 5 V to MAX 


25°C 
0 to 


VCC-1-5 


0 to 


vcc-' .6 


0 to 


vcc-i .5 
V 
Full range 
0 to 


VCC "2 


0 
to 


vec- 2 


Oto 


vCc- 2 


VOH 
High-level output voltage 


RL = 2 kfj 
25°C 
VCC- 1-5 
vcc- 
.5 


V 
RL 
10 kfl 
25°C 
vcc- 
.5 


VCC 
MAX. RL - 
2 kfl 
Full range 
26 
26 
22 
VCC = MAX.RL = 10 kQ 
Full range 
27 
28 
27 
28 
23 
24 
vol 
Low-level output voltage 
R| s 
10 ki) 
Full range 
5 
20 
5 
20 
5 
100 
mV 


avd 
Large-signal differential 


voltago amplification 


Vcc -15 V, 
Vq - 
1 V to 11 V. 


RL & 2 kO 


25°C 
50 
100 
25 
100 
100 
V/mV 
Full range 
25 
15 
15 
cmrr 
Common-mode rejection ratio 
VIC 
= VICR <"in 
25 °C 
70 
80 
65 
80 
50 
80 
dB 


kSVR 
Supply voltago rejection 


ratio (<Wcc'4V|o) 
25 °C 
65 
100 
65 
100 
50 
100 
dB 


Vol/V0 2 Crosstalk attenuation 
f 
= 
1 kHz to 20 kHz 
25°C 
120 
120 
120 
dB 


'10 
Output current 


Vcc = 15 V. 


V|D 
= 1 V. 
v0 = o 


25°C 
- 20 
- 30 
-60 
-20 
-30 
-60 
-20 
-30 
-60 


mA 
Full range 
-10 
-10 
- 10 


VCC 
= 15 V. 
V|D - 
-1 V. 
V0 = 15 V 


25°C 
10 
20 
10 
20 
10 
20 


Full range 
5 
5 
5 


V|D = -IV. 
Vq 
= 200 mV 
25 °C 
12 
30 
12 
30 
30 
^ 


'OS 
Short-circuit 


output current 
VCC a» 5 V. 
GND at - 5 V.Vq = 0 
25 °C 
±40 
±60 
±40 
±60 
±40 
±60 
mA 


'cc 
Supply current 


(four amplifiers! 


V0 
- 2.5 V, 


No load 
Full range 
0.7 
1.2 
0.7 
1.2 
0.7 
1.2 


mA 
Vcc = MAX. 
V0 = 0.5 VCC. 


No load 
Full range 
1.1 
3 
1.1 
3 
1.1 
3 


' All characteristics oremeasurod under opon-loop conditions with zero common-mode Input voltago unless otherwise specifiod. "MAX" VrjQ for testing purposes is26 VlorLM2902. 
30 V for the others. Full range is -55°C to 125°C for LM124. -25°C to 85°C for LM224. 0°C to 70°C for LM324. and -40"C to 85°C for LM2902. 
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electrical characteristics at specified free-air temperature, Vcc = 5 V (unless otherwise noted) 


PARAMETER 
TEST CONDITIONS' 
LM224A 
LM324A 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


V|0 
Input offset voltage 
VCc " 5Vlo 30 V. 


V|C " V|CR min. 
Vo - 
1-4 V 


25°C 
2 
3 
2 
3 
mV 
Full range 
4 
5 


'10 
Input offset current 
V0 = 1.4 V 
25°C 
2 
15 
2 
30 
nA 
Full range 
30 
75 


'IB 
Input bias current 
Vo 
= 1.4 V 
25°C 
-15 
-80 
-15 
-100 
V 
Full range 
-100 
-200 


VICR 
Common-modo input 


voltage range 
VCC = 30 V 


25 °C 
0 to 
VCC-'5 


0 to 
vcc-' 5 
V 


Full range 
Oto 


vCc- 
! 


0 to 


vcc- 
' 


VOH 
High-level output voltago 
RL = 2 kQ 
25°C 
vCc- 
.6 
vcc- 
.5 


V 
VCc = 30 V. 
RL - 
2 kfl 
Full range 
26 
26 


VCC 
- 30 V. 
RL 
10 k!) 
Full range 
27 
28 
27 
28 
vol 
Low-level output voltage 
R| s 
10 kfl 
Full range 
5 
20 
5 
20 
mV 


Avd 
Large-signal differential 


voltage amplification 


VCC • 
15 V. 
Vo = i v to 11 v. 
Rl a 
2 kl) 


25°C 
50 
100 
25 
100 
V/mV 
Full range 
25 
15 


CMRR 
Common-modo rojection ratio 
VIC • Vicr min 
25°C 
70 
80 
65 
80 
dB 


*SVR 
Supply voltage rejection 


ratio (.Wcc'-iVio) 
25°C 
65 
100 
65 
100 
dB 


Vol'Vo2 
Crosstalk attenuation 
f 
- 
1 kHz to 20 kHz 
25 °C 
120 
120 
dB 


'0 
Output current 


vcc • 
'5 v. 
V|D = 1 V. 
v0 = o 


25°C 
-20 
30 
-60 
-20 
-30 
-60 


mA 
Full range 
-10 
10 


VCC • 
15 V. 
V|D = 
- 1 V. 
V0 = 5 V 


25 °C 
10 
20 
10 
20 


25°C 
5 
5 


V|D = 
- 1 V. 
Vo = 200 mV 
Full range 
12 
30 
12 
30 
*A 


'OS 
Short-circuit 


output current 
Vcc at 5 V, 
GNDat -5 V. V0 = 0 
25°C 
±40 
±60 
±40 
±60 
mA 


'cc 
Supply current 


(four amplifiers) 


V0 - 
2.5 V. 


No load 
Full range 
0.7 
1.2 
0.7 
1.2 


mA 
Vcc = 30 V, 
V0 = 15 V. 


No load 


Full range 
1.1 
3 
1.1 
3 


'Allcharacteristica aromoasurod under open-loop conditions withzerocommon-mode inputvoltago unlossotherwiso specifiod. Full rangois - 25°C to 85°C forLM224A 


and 0°C to 70°C for LM324A. 
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uA741 Operating Characteristics 


Low Supply Current Drain . . . 0.6 mA Typ 
(per amplifier) 


Low Input Offset Voltage 


Low Input Offset Current 


• 
Class AB Output Stage 


• 
Input/Output Overload Protection 


• 
Designed to be Interchangeable with National 
LM148. LM248, and LM348. 


description 


The LM148, LM248, and LM348 are quadruple, 
independent, 
high-gain, 
internally 
compensated 
operational amplifiers designed to have operating 
characteristics similar to the uA741. These amplifiers 
exhibit low supply current drain, and input bias and 
offset currents that are much less than those of the 


uA741. 


The LM148 is characterized for operation over the full 
military temperature range of - 55 °C to 125 °C, the 
LM248 is characterized for operation from - 25 °C to 
85 °C, and the LM348 is characterized for operation 
from 0°C to 70°C. 
symbol (each amplifier) 


NONINVERTING 


INPUT IN+ 


INVERTING 


INPUT IN- 


OUTPUT 


TYPES LM148. LM248, LM348 
QUADRUPLE OPERATIONAL AMPLIFIERS 


D2551. OCTOBER 1979-REVISED SEPTEMBER 1983 


LM148 ... J PACKAGE 


LM248. LM348 ... D. J. OR N PACKAGE 


(TOP VIEW) 


AMPL 


#1 


AMPL 
#2 


four 


IJN + C3 
vcc+ C« 
"IN+ C5 
IN- Q6 
OUT C 7 


Qi LJi4p out 
133 IN- 
1? 3 IN+ 
n ] vcc- 
103 IN + 
9H IN- 
8 3 OUT 
} 


AMPL 


#4 


AMPL 
#3 


. . . FH OR FK PACKAGE 


(TOP VIEW) 


i fc 
br 
i 
5 o 
o 
2 
— 
— 
O 't 
t 
at 
«: 
2 
": 
* 


/ 
3 
2 
1 20 19 \ 


#1 
IN + 
]4 
18[ 
#4 IN + 


NC J5 
1U 
NC 


VCC + J6 
16L vcc- 
NC J? 
15L 
NC 
#2 IN + 
]8 
14[ 
H3 IN + 


\ 
9 
10 


•—• 
11 
12 13 
nnr— / 
| 
F- 
O 
h- 
| 
•± 3 2 3 4. 


fJ 
CM 
CO <*> 


NC —No internal connection 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


LM148 
LM248 
LM348 
UNIT 
Supply voltago Vcc+ (see Note 11 
22 
18 
18 
V 
Supply voltage Vcc-lsee Note 1) 
-22 
-18 
- 
18 
V 
Differential input voltage (see Note 2) 
44 
36 
36 
V 
Input voltage (either input, see Notes 1 and 3) 
-22 
:18 
= 18 
V 
Duration of output short-circuit (see Note 41 
unlimited 
unlimited 
unlimited 
Continuous total power dissipation at (or below) 


25 °C free-air temperature (see Note 5) 


D , FH, FK, or J package 
900 
900 
900 
mW 
N package 
875 
875 
Operating free-air temperature range 
-55 to 125 
-25 to 85 
0 to 70 
°C 
Storage temperature range 
-65 to 150 
-65 to 150 
-65 to 150 
°C 
Lead temperature 1,6 mm (1/16 inch) 


from case for 60 seconds 
FH, FK, or J package 
300 
300 
300 
°C 


Lead temperature 1.6 mm (1/16 inchl 


from case for 10 seconds 
D or N package 
260 
260 
°C 


1. All voltage valuos. oxcept differential voltages, arowithrespect to tho midpoint between VCc+ andVqq_. 
2. Differential voltages are at tho noninvertinginput terminalwith respect to tho Inverting torminal. 
3. Themagnitude of the input voltege must never exceed the megnitudeof tho supplyvoltageor the valuespecified in the table, whicheveris less. 
4. Theoutput mayboshortedto ground oreitherpoworsupply. Temperature and/orsupply voltagesmust bolimited to ensurethat tho dissipation 
rating Is not excooded. 
5. Foroperation above25°Cfree-air temperature, referto Dissipation Derating Curves. Section2.InthoJ package.LM148chipsarealloy mounted. 
LM248 and LM348 chips are glass mounted. 
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electrical characteristics, Vcc ± 
= 
±15V 


PARAMETER 
TEST CONDITIONS' 
LM148 
LM248 
LM348 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


V|0 
Input offset voltage 
v0 = o 
25 °C 
1 
5 
1 
6 
1 
6 
mV 
Full range 
6 
7.5 
7.5 


'10 
Input offset current 
V0 = o 
25°C 
4 
25 
4 
50 
4 
50 
nA 
Full range 
75 
125 
100 


'IB 
Input bias current 
V0 = 0 
25 °C 
30 
100 
30 
200 
30 
200 
nA 
Full range 
325 
500 
400 


V|CR 
Common-mode 


input voltage range 
Full range 
±12 
±12 
±12 
V 


V0M 
Maximum peak output 


voltage swing 


RL = 10 kfl 
25 °C 
±12 
±13 
±12 
±13 
±12 
±13 


V 
RL a 
10 kil 
Full range 
±12 
±12 
• 12 
RL = 2 kfJ 
25°C 
±10 
± 12 
±10 
±12 
I 10 
±12 
Rl a 
2 kn 
Full range 
±10 
±10 
±10 


Avd 
Large-signal differential 
voltage amplification 
V0 
= ±10 V. 
RL a 
2 kll 
25°C 
50 
160 
25 
160 
25 
160 
V/mV 
Full range 
25 
1(3 
15 


ri 
Input resistance 
25°C 
0.8 
2.5 
0.8 
2.5 
0.8 
2.5 
MP. 


Bl 
Unity-gain bandwidth 
Avd = i 
25°C 
1 
1 
1 
MHz 


"M 
Phase margin 
avd - 
i 
25°C 
60° 
60° 
60° 


CMRR 
Common-mode 


rejection ratio 
VIC = Vicr min, 
v0 = o 
25°C 
70 
90 
70 
90 
70 
90 
dB 
Full range 
70 
70 
70 


kSVR 
Supply voltago rejection 


ratio (AVCc±/AV|0) 
VCC± • 
±9 V to ±15 V. 
v0 = o 


25°C 
77 
96 
77 
96 
77 
96 
dB 
Full range 
77 
77 
77 


"OS 
Short-circuit output current 
25°C 
±25 
±25 
±25 
mA 


'CC 
Supply current 


(four amplifiers) 
v0 = o. 


No load 
25 °C 
2.4 
3.6 
2.4 
4.5 
2.4 
4.5 
mA 


Vq1'V02 Crosstalk attenuation 
f = 
1 Hz to 20 kHz, 
25°C 
120 
120 
120 
dB 


'All characteristics are measured under open-loop conditions i 
85°C for LM248. and 0°C to 70°C for LM348. 
common-modo input voltage unloss otherwiso specifiod. Fullrange for TA is - 55 "C to 125°C for LM148, - 25 °C to 


§3 


30 CO 
?2 


O 
co 


"XJ 


CO 
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operating characteristics, Vcc i 
= ±15 V, Ta = 25°C 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 
SR 
Slew rate at unity gain 
RL = 2 kf), 
CL = 100 pF. 
See Figure 1 
0.5 
V/^s 


PARAMETER MEASUREMENT INFORMATION 


V| 
T 


CL= lOOpF 
RL = 2kf! 


r 


FIGURE 1-UNITY-GAIN AMPLIFIER 


10 kf! 


100 n 
r/Tr 
J_ <r 
RL =2kn> 
-d^CL=100pF 


Avd= -1°° 


FIGURE 2-INVERTING AMPLIFIER 
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LINEAR 
INTEGRATED 
CIRCUITS 


Wide Range of Supply Voltages: 
Single Supply ... 3 V to 30 V 
(LM2904 ... 3 V to 26 V), 
or Dual Supplies 


Low Supply Current Drain Independent of 
Supply Voltage . . . 0.7 mA Typ 


Common-Mode Input Voltage Range 
Includes Ground Allowing Direct Sensing 
near Ground 


Low Input Bias and Offset Parameters: 
Input Offset Voltage . . . 3 mV Typ 
A Versions ... 2 mV Typ 
Input Offset Current . . . 2 nA Typ 
Input Bias Current . . . 20 nA Typ 
A Versions . . . 15 nA Typ 


Differential Input Voltage Range Equal to 
Maximum-Rated Supply Voltage ... ±32 V 
(±26 Vfor LM2904) 


Open-Loop Differential Voltage 
Amplification ... 100 V/mV Typ 


Internal Frequency Compensation 


TYPES LM158, LM258, LM358 
LM258A, LM358A, LM2904 
DUAL OPERATIONAL AMPLIFIERS 
D2231. JUNE 1976 
REVISED AUGUST 1383 


D. JG. OR P DUAL-IN-LINE PACKAGE 


(TOP VIEW) 
outQi UsnvCc + 
IN- £2 
7DOUT^ 
IN+ £3 
6 3 IN- 
GND [> 
5 1 IN 


AMPL 


#1 {i 


CC + 
"T} 


U FLAT PACKAGE 


(TOP VIEW) 
NC fj5i 
ioh NC 
' II VCC 
i lOUT 
- ]IN- 
I ] IN + 


ampl/°utE? 


#1 
in- rj3 
IN+ [[4 
GND fj 5 
IjN-t- p4 


+ 
} 


H2 


AMPL 
#2 


o 


CD 


5' 


> 
3 


description 


LM 158 


FH OR FK CHIP CARRIER PACKAGE 


(TOP VIEW) 
I 
2 
o--o ou 
2 
** 
H 
> 
Z 
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These devices consist of two independent, high-gain, 
frequency-compensated operational amplifiers that 
were designed specifically to operate from a single 
supply over a wide range of voltages. Operation from 
split supplies is also possible so long as the difference 
between the two supplies is 3 volts to 30 volts (3 volts 
to 26 volts for the LM2904), and the Vcc Pin ,s at 
least 1.5 volts more positive than the input common- 
mode 
voltage. The 
low 
supply current 
drain 
is 
independent of the magnitude of the supply voltage. 


Applications 
include 
transducer 
amplifiers, 
d-c 
amplification 
blocks, 
and 
all 
the 
conventional 
operational amplifier circuits that now can be more 
easily implemented in single-supply-voltage systems. 
For example, these devices can be operated directly 
off of the standard five-volt supply that is used in 
digital systems and will easily provide the required 
interface 
electronics 
without 
requiring 
additional 
± 1 5-volt supplies. 


The LM158 is characterized for operation over the full 
military temperature range of - 55°C to 125 °C. The 
LM258 and LM258A are characterized for operation 


from - 25 °C to 85 °C, the LM358 and LM358A from 
0° to 70°, and the LM2904 from -40°C to 85 °C. 


3 
2 
1 20 19 
\ 
NC ]4 
18[ NC 
#1 IN- ]5 
17[ 
#2 OUT 
NC ]6 
16[ NC 
#1 IN+ ] 7 
15[ 
#2 IN- 
NC ]8 
14[ NC 


V 
9 
10 11 12 13 
/ 


O 
Q 
U 
+ 
O 


NC-No internal connection 


symbol (each amplifier) 


NONINVERTING 


INPUT IN+ 


INVERTING 


INPUT IN-=>" 
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TYPES LM158, LM258, LM358, LM258A, LM358A, LM2904 
DUAL OPERATIONAL AMPLIFIERS 


schematic (each amplifier) 


NON 
INVERTING O- 


INPUT 


<*6uA 
CURRENT 
REGULATOR 


«6uA 


CURRENT 
REGULATOR 


"100 mA 
CURRENT 
REGULATOR 


-O Vcc+ 


-O OUTPUT 


GND 
° (OR VCC- 
TO OTHER 


AMPLIFIER 


absolute maximum ratings over operating free-airtemperature range (unless otherwise noted) 


LM158. 


LM258. LM258A 


LM358. LM358A 


LM2904 
UNIT 


Supply voltage. Vcc (sou Note 1) 
32 
26 
V 
Differential voltage (see Note 2) 
±32 
±26 
V 
Input voltago range (either input) 
-0.3 to 32 
-0.3 to 26 
V 
Duration of output short-circuit (one amplifier) to groundat (or below) 
25 °C free-air temperature (Vcc s 15 VI 
(see Note 3) 
unlimited 
unlimited 


Continuous total dissipation at (or below) 
25°C free-air temperature (see Note 4) 


D package 
725 
725 


mW 


JG package (alloy-mounted chip) 
1050 
JG package (glass-mounted chip) 
825 
825 
P package 
725 
725 
U package 
675 
675 


Operating free-air temperature range 


LM158 
-55 to 125 


°C 
LM258, LM258A 
-25 to 85 


LM358. LM358A 
0 to 70 
LM2904 
Storage temperature range 
-65 to 150 
-65 to 150 
°C 


Lead temperature 1,6 mm (1/16 inch) from c jse for 60 seconds 
FH, FK. JG. 


or U package 
300 
300 
°C 


Lead temperature 1.6 mm (1/16 inch) from c se for 10 seconds 
D or P package 
260 
260 
rc 


NOTES: 1. All voltage values, except differential voltages and Vcc specified for the measurement of Iqs- are with respect to the 
2. Differential voltages areat thononinverting input terminal with respect tothoinverting input terminal. 
3. Short circuits from outputs to Vcc can causeexcessive heating andoventual destruction. 
4. For operation above 25°C free-air temporaturo. refer toDissipation Dorating Curves. Section 2.In tho JG pockago, LM158 chips a 
LM258, LM258A. LM358. LM358A, and LM2904 chipsoroglass-mounted. 


k ground terminal. 


alloy-mountod; 


CO 


g> 
JC 
"5. 
E 
< 


"co 
c 
o 
"43 
CD 
h- 
CD 
Q. 
O 


Texas 
instruments 
POST OFFICE BOX 225012 • DALLAS. TEXAS 75265 


3-37 


sjaiuidiuv leuoijejadQ 1 


electrical characteritics at specified free-air temperature, Vcc = 5 V (unless otherwise noted) 


PARAMETER 
TEST CONDITIONS' 
LM158. LM258 
LM358 
LM2904 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


V|0 
Input offset voltage 
Vcc ^ 5 V to MAX. 


V|C 
= VICR min' 
V0 = 1.4 V 


25°C 
3 
5 
3 
7 
3 
7 
mV 
Full range 
7 
9 
10 


"vio 


Average temperature coefficient 


of input offset voltage 
Full range 
7 
7 
7 
(iV/°C 


'10 
Input offset current 
Vq = 1-4 V 
25 "C 
2 
30 
2 
50 
2 
50 
nA 
Full range 
100 
150 
200 


"110 
Average temperature coefficient 


of input offset current 
Full range 
10 
10 
10 
pA/°C 


'IB 
Input bias current 
Vq 
: 
1-4 V 
25-C 
-20 
- 150 
20 
-250 
-20 
250 
nA 
Full range 
-300 
-500 
-500 


V|CR 
Common mode 


input voltage range 
Vcc ^ 5 V to MAX 


25°C 
Oto 


VCc 
1-5 


0 
to 


vcc 
' 
5 


0 
to 


vcc 
I 5 
V 


Full range 
0 
to 


VCC 
2 


0 to 


VCC 
2 


0 
to 


VCC 
2 


VOH 
High-level output voltage 


RL 2 2 kfl 
25°C 
VCC 
'-5 
vcc 
' 
5 


V 


RL > 10 kll 
25°C 
vcc 
' 
5 


Vcc a MAX- 
RL - 2 kU. 
Full range 
26 
26 
22 


Vcc • 
MAX' 
RL 2 10 kil 
Full range 
27 
28 
27 
28 
23 
24 


vol 
Low-level output voltage 
RU ^ 
10 kil 
Full range 
5 
20 
5 
20 
5 
100 
mV 


i— m 
CO 


30 — 
t> cn 
-\ CO 


p 
r>j 


3> co 


5£ 
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30- 
C/J i— 
S 
N3 
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TYPES LM158, LM258, LM358, LM2904 
DUAL OPERATIONAL AMPLIFIERS 
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electrical chararacteristics at specified free-air temperature. Vcc = 5 V (unless otherwise noted) 


PARAMETER 
TEST CONDITIONS' 
LM258A 
LM358A 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


V|0 
Input oflsct voltage 


VCC = 5 v to 30 V 


V|C = V|CR min. 
V0 = 1-4 V 


25°C 
2 
3 
2 
3 
mV 


Full range 
4 
5 


"VIO 
Average temperature coellicient 


of input ollsot voltage 
Full range 
7 
15 
7 
20 
^V/°C 


'10 
Input offset current 
Vo • 1.4 V 
25°C 
2 
15 
2 
30 
nA 
Full range 
30 
75 


"110 
Average temperature coefficient 


of input offset current 
Full range 
10 
200 
10 
300 
pA/°C 


'IB 
Input bias current 
Vo = i-iv 
25 "C 
-15 
80 
- 15 
100 
nA 
Full range 
100 
-200 


VICR 
Common-modo input 


voltage range 
Vcc 30 V 


25 °C 
0 
tc 


vCc- 1.5 


0 lo 


VCC 
1-5 
V 


Full range 
0 
tc 


vCc 
2 


0 
to 


VCC 
2 • 


VOH 
High-level output voltage 


VCC " 30 V. 
RL = 2 klJ 
Full range 
26 
26 
V 


VCC = 30 V. 
RL 2 10 kll 
Full range 
27 
28 
27 
28 


vol 
Low-level output voltage 
RL < 10 kll 
Full range 
5 
20 
5 
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Operational Amplifiers 


LINEAR 
INTEGRATED 
CIRCUITS 
TYPES LM218, LM318 
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 


D2219. JUNE 1976-REVISED AUGUST 1983 


• 
Small-Signal Bandwidth ... 15 MHz Typ 


• 
Slew Rate ... 50 V/,is Min 


• 
Bias Current . . . 250 nA Max (LM218) 


• 
Supply Voltage Range ... ±5 V to ±20 V 


• 
Internal Frequency Compensation 


• 
Input and Output Overload Protection 


• 
Same Pin Assignments as General-Purpose 
Operational Amplifiers 


description 


The LM218 and LM318 are precision, high-speed 
operational 
amplifiers 
designed 
for 
applications 
requiring wide bandwidth and high slew rate. They 
feature a factor-of-ten increase in speed over general 
purpose devices without sacrificing dc performance. 


These operational amplifiers have internal unity-gain 
frequency compensation. This considerably simplifies 
their application since no external components are 
necessary 
for 
operation. 
However, 
unlike 
most 
internally compensated amplifiers, external frequencycompensation may be added for optimum performance. For 
inverting applications, feed-forward compensation will boostthe slew rate to over 150 V//is and almostdouble the 
bandwidth. Overcompensationmay be used withthe amplifier for greater stabilitywhen maximum bandwidth is not 
needed. Further, a single capacitor may be added to reduce the settling time for 0.1% error band to under 1 its. 


Thehigh speed andfast settlingtimeofthese operational amplifiers make themusefulinA/D converters, oscillators, 
active filters, sample and hold circuits, and general purpose amplifiers. 


The LM218 ischaracterized for operation from -25°C to 85°C, andthe LM318 ischaracterized foroperation from 
0°C to 70 °C. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


symbol 


D. JG. OR P DUAL-IN-LINE PACKAGE 


(TOP VIEW) 


BAL/COMP C i U 8 3 COMP 2 
IN- £2 
7 :vcc + 
IN+ C 3 
6 ] OUT 
VCC- C" 
5 3 BAL/COMP 3 


NONINVERTING 


INPUT IN+ 


OUTPUT 


LM218 
LM318 
UNIT 
Supply voltage, Vcc+ (see Note 1) 
20 
20 
V 
Supply voltage, Vcc- (see Note 1) 
-20 
-20 
V 
Input voltage (either input, see Notes 1 and 2) 
±15 
±15 
V 
Differential input current (see Note 31 
±10 
±10 
mA 
Duration of output short-circuit (see Note 4) 
unlimited 
unlimited 
Continuous total power dissipation at (or below) 
25 °C free-air temperature (see Note 5) 
500 
500 
mW 


Storage temperature range 
-65 to 150 
-65 to 150 
°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds 
JG package 
300 
300 
°c 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 
D or P package 
260 
260 
°c 


NOTES: I. All voltage values, unless otherwise noted, are with respect to the midpoint between Vcc+ and Vrjc-- 
2. The magnitude of theinput voltage must never exceed themagnitude ofthosupply voltage or15volts, whichever isless. 
3. The inputs ero shunted with two opposite-facing boso-omitter diodos for ovor voltage protection. Therefore, excessivo curront will flow ifadifferential 
Input voltage Inexcess ofapproximately 1 Visapplied betwoen theinputs unloss some limiting resistance Isused. 
4. The output may beshorted toground oreither power supply. For the LM218 only, the unlimited duration ofthe short-circuit applies at(or below) 
85 "C case temperature or 75 °C free-air temperature. 
5. Foroperation above 25°C free-air temperature, referto Dissipation Derating Curves, Sectic 
are glass-mounted. 
i 2. In the JG peckege. LM218 and LM318 chips 


•a 
.2 
it: 
"5. 
E 
< 


c 
o 
"^ 
CO 
»- 
OJ 
Q. 
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TYPES LNI218, LM31B 
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 


electrical characteristics at spec 
9 Note 6) 
ified free-air temperature (se 


PARAMETER 
TEST CONDITIONSt 
LM218 
LM318 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


V|0 
Input offset voltage 
v0 = o 
25 °C 
2 
4 
4 
10 
mV 
Full range 
6 
15 


iio 
Input offset current 
V0 = o 
25 °C 
0 
50 
30 
200 
nA 
Full range 
100 
300 


'IB 
Input bias current 
v0 = o 
25°C 
120 
250 
150 
250 
nA 
Full range 
500 
750 


VICR 
Common-mode 


input voltage range 
VCC± = ±15V 
Full range 
±11.5 
±11.5 
V 


VOM 
Maximum peak 
output voltage swing 
VCC± 
= ±15 V. 
RL = 2 kf) 
Full range 
±12 
±13 
±12 
±13 
V 


Avd 
Large-signal differential 
voltage amplification 


VCC± = ±15 V. 
Vo = ±10 V, 


RL 2 
2 kfl 


25 °C 
50 
200 
25 
200 
V/mV 
Full range 
25 
20 
HH 
Bl 
Unity-gain bandwidth 
VCc- 
= ±15V 
25°C 
15 
15 
MHz 
Bel 
I, 
Input resistance 
25°C 
1 
3 
0.5 
3 
MCI 
Bl 
CMRR 
Common-mode rejection ratio 
VIC = VICR min 
Full range 
80 
100 
70 
100 
dB 


o 
kSVR 
Supply voltage rejection ratio 


lAVcc/AV|0> 
Full range 
70 
80 
65 
80 
dB 


•a 
CD 
•cc 
Supply current 
No load. 
vo 
o 


25°C 
5 
8 
5 
10 
mA 
Full range 
4,5 
7 


o 


> 
3 
•o 


1Allcharacteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. Fullrange for LM218 Is - 25 °C 


to 85 °C and for LM318 is 0°C to 70 °C. 
NOTE 6: Unless othorwise noted, Vcc = -5Vto :20 V. Alltypical values are at Vcc± = ± 15 V. 


operating characteristics, V"cc + 
= 15 V, Vcc- 
= -15 V, Ta = 25 °C 


PARAMETER 
TEST CONDITIONS 
I MIN 
TYP 
MAX 
UNIT 


SR 
Slew rate at unity gain 
AV| = 10 V, 
Cl = 10 pF. 
See Figure 1 
50 
70 
V/Ms 


*5 
parameter measurement information 


INPUT 
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INPUT 


O OUTPUT 


100 pF 


k-tt-M 


TEST CIRCUIT 


10V 


0 V 


: 
10 V 
OUTPUT 
S\ 
IAVo 


10% — 
0 V 


SR = 
AV0 


VOLTAGE WAVEFORMS 


FIGURE 1-SLEWRATE 
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schematic 


2kH 


100 pF?^ 


BALANCE 


COMPENSATION-! 


150 kU 
2kfi 


TYPES LM218, LM318 
HIGH PERFORMANCE OPERATIONAL AMPLIFIERS 


BALANCE 
C0MPENSATI0N-3 


COMPENSATIONS 


VCC+ 


L? 
< 


5 kfi 


INVERTING 


INPUT 


20 kJJ 
'^1 20 kfi 
-w< 
I 
• 
w>— 


3£ 


'•-fU 1kn 
1 
•—vw—•— 


!! i; 


NONINVERTING 


INPUT 


T—w 
i^l 1.7 


2~I 


J\ 


110 5! 


Component valuoj shown are nominal. 


< 
5kn 


< 


6pF 
H 
28 pF 
5kn: 


i-~5 2 


> 


OUTPUT 


< 


VCC- 


(0 
.2 
}5 
"5. 
E 
< 
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c 
o 
*3 
CO 
k_ 
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Operational Amplifiers 


LINEAR 
INTEGRATED 
CIRCUITS 


• 
Wide Range of Supply Voltages, Single or Dual 
Supplies 


• 
Wide Bandwidth 


• 
Large Output Voltage Swing 


• 
Output Short-Circuit Protection 


• 
Internal Frequency Compensation 


• 
Low Input Bias Current 


• 
Designed to be Interchangeable with National 
Semiconductor 
LM2900 
and 
LM3900, 
Respectively 


description 
• 


These devices consist of four independent, high-gain 
frequency-compensated Norton operational amplifiers 
that were designed specifically to operate from a 
single supply over a wide range of voltages. Operation 
from split supplies is also possible. The low supply 
current 
drain 
is 
essentially 
independent 
of 
the 
magnitude of the supply voltage. These devices 
provide wide bandwidth and large output voltage 
swing. 


The LM2900 is characterized for operation from 
-40°C to 85 °C, and the LM3900 is characterized 
for operation from 0°C to 70 °C. 


schematic (each amplifier) 


TYPES LM2900, LM3900 
QUADRUPLE OPERATIONAL AMPLIFIERS 


D2531. JULY 1979-REVISED AUGUST 1983 


J OR N DUAL-IN-LINE PACKAGE 


(TOP VIEWI 


#1 IN+ fjl Wl4 
#2IN+ £ 
#2 IN- C 
#2 OUT C. 
#1 OUT C 
#1 IN- E 
GND C 


HVcc 


symbol (each amplifier) 


NONINVERTING 


INPUT IN+ 


13 3 #3 IN+ 
12 3 #4 IN + 
11 3 #4 IN- 
10 3 "4 OUT 
9 3 #3 OUT 
8 3 #3 IN- 


CONSTANT 
CURRENT 
GENERATOR 


NONINVERTING 
INPUT 


m 


V) 


.22 


"5. 
E 
< 


"co 
c 
o 
"^ 
CO 
»- 
CD 
a 
O 


Copyright 3 1979 by Texas Instruments Incorporated 


3-47 
Texas 
Instruments 


POST OFFICE BOX 225012 • 
DALLAS. TEXAS 75265 


O 
•o 
CD 
-* 
fi> 
r-r 
5* 
3 
W 


> 
3 
"O 


CD 


C/3 


TYPES LM2900, LM3900 
QUADRUPLE OPERATIONAL AMPLIFIERS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


LM2900 
LM3900 
UNIT 
Supply voltage, Vcc 'see Note 1) 
32 
32 
V 
Input current 
20 
20 
mA 
Duration of output short circuit (one amplifier! to ground 


at (or below) 25 °C free-air temperature (see Note 2) 
unlimited 
unlimited 


Continuous total dissipation at (or below) 25 °C free-air temperature (see Note 3) 
J Package 
1025 
1025 
mW 
N Package 
875 
875 
Operating free-air temperature range 
-40 to 85 
0 to 70 
°C 
Storage temperature range 
-65 to 150 
- 65 to 150 
°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds 
J Package 
300 
300 
°C 


Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 
'.' Package 
260 
260 
°C 


NOTES: 1. 
All voltage values, except differential voltages, ore with respect to the network ground terminal. 
2. Short circuits from outputs to Vqq can cause excessive heating and eventual destruction. 
3. 
For operation above 25°C freo-air temperature, refer to Dissipation Derating Curves, Section 2. In tho J package. LM2900 and LM3900 chips 
are glass-mounted. 


recommended operating comditions 


LM2900 
LM3900 
UNIT 
MIN 
MAX 
MIN 
MAX 


Input current (see Note 4) 
-1 
- 
1 
mA 
Operating free-air temperature, T/\ 
-40 
85 
0 
70 
°C 


NOTE4: 
Clamp transistors are included that prevent the Input voltages from swinging below ground more than approximately - 0.3 volt. The negative input 
currents that may result from large signal overdrive with capocitive input coupling must be limited externally to values of approximately - 1 mA. 
Negative Input currents in excess of -4 mA will cause the output voltago to drop to a low voltago. These values epply for any one of the Input 
terminals. If more than one of tho input terminals aro simultaneously drivennegative, maximum currents are reduced. Common-mode current biasing 
can be used to prevent negative input voltages. 
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TYPES LM2900, LM3900 
QUADRUPLE OPERATIONAL AMPLIFIERS 


electrical characteristics, Vcc = 15 V, TA 
= 25 °C (unless otherwise noted) 


PARAMETER 
TEST CONDITIONS' 
LM2900 
LM3900 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


'IB 
Input bias current 


(inverting input) 
l|+ = o 
TA = 25°C 
30 
200 
30 
200 
nA 
TA = full range 


'1- 
l|+ 
Mirror gain 
l|+ =20 )iA to 
Ta = full range. 


200 ^A. 


See Note 5 


0.9 
1.1 
0.9 
1.1 
jiA/jiA 


Change in mirror gain 
2 
5 
2 
15 
% 


Mirror current 
V|+ = v,_. 


See Note 5 
Ta = full range, 
10 
500 
10 
500 
«A 


AVD 
Large-signal differential 


voltage amplification 
V0 = 10 V. 


f 
= 
100 Hz 
RL = 10 kfl. 
1.2 
2.8 
1.2 
2.8 
V/mV 


Input resistance 


(inverting input) 
1 
1 
MO. 


'o 
Output resistance 
8 
8 
kfl 


Bl 
Unity-gain bandwidth 


(inverting input) 
2.5 
2.5 
MHz 


kSVR 
Supply voltage rejection 


ratioUVcc'-lVio) 
70 
70 
dB 


V0H 
High-level output voltage 


1+ 
iiii op 


RL = 2 kll 
13.5 
13.5 


V 
VCC • 30 V, 


No load 
29.5 
29.5 


vol 
Low-level output voltage 
l|+ = o. 
RL = 2 kfl 
l|_ =10 ,,A. 
0.09 
0.2 
0.09 
0.2 
V 


'OHS 
Short-circuit output current 


(output internally high) 
l|+ = o. 
v0 = o 
I|_ = o, 
-6 
-18 
-6 
-10 
mA 


Pull-down current 
0.5 
1.3 
0.5 
1.3 
mA 


lOL 
Low-level output current t 
l|_ 
= 5«A. 
vql = 1 v 
6 
5 
mA 


'CC 
Supply current 


(four amplifiers) 
No load 
6.2 
10 
6.2 
10 
mA 


' Allcharacteristics ore moasured under open-loop conditionswith zero common-modovoltage unless otherwise specified. Fullrange for TA is -40°C to 
85°C for LM2900, and 0°C to 70°C for LM3900. 
'•The output curront-sink capability can bo increased for largo-signal conditions by overdriving tho inverting input. 
NOTE 5: These parameters are moasured with the output balanced midway between Vqq and ground. 


operating characteristics, V"cc± 
= ±15 V, Ta = 25°C 


PARAMETER 


SR 
Slew rate at unity gain 
Low-to-high output 


High-to-low output 


TEST CONDITIONS 
V0 - 
10 V, 
CL = 100 pF, 
RL = 2 kf! 
V//»s 


i— 
.2 
»£ 
"q. 
E 
< 
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TYPES LM2900, LM3900 
QUADRUPLE OPERATIONAL AMPLIFIERS 


INPUT BIAS CURRENT IINVERTING INPUT! 


FREE-AIR TEMPERATURE 


IC 


VCC- 15 V 


" .-0 


\ 
\ 
\ 


-75 -SO 
-25 
0 
25 
50 
75 
100 
125 


TA-FfM-Aif T«mpctjlure-9C 


FIGURE 1 


LARGE-SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 


100 
Ik 
10 Ii 
100 k 
1M 
10 M 


f—Fitqu»ncv-Hr 


FIGURE 4 


PEAK-TO-PEAK OUTPUT VOLTAGE 


FREQUENCY 


10k 
100k 


f-Frtoutncy-H* 


TYPICAL CHARACTERISTiCSt 


1.20 


1.15 


1.10 


| 
1.05 
O 
I 
' 
I 
'. 
0.95 


J7 
0.90 


0.85 


0.80 


MIRROR GAIN 


FREE-AIR TEMPERATURE 


VCC- 15V 


-75 -50 -25 
0 
25 
50 
75 
100 
125 


TA-Frw-Atf Ttmp«Titur€-*C 


FIGURE 2 


LARGE-SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 


SUPPLY VOLTAGE 


_^~-—i 


= rl - iovo 
- 
TA • 25*C 


VcC-SuPPlv VolU(t-V 


FIGURE 5 


LM2900 
SHORT-CIRCUIT OUTPUT CURRENT 


IOUTPUT INTERNALLY HIGH) 


SUPPLY VOLTAGE 


Vo-0 
l|.-0 


Ta- o'c 
c\ 
TA" 25'C 


1 


Vcc-Supoly Voluet-V 


FIGURE 8 


SUPPLY VOLTAGE REJECTION RATIO 


i limn 
Vcc- 15 V 


\ 
HI\ 
\ 


8 
-o 


100 
400 
Ik 
4k 
10k 
40k 100* 
400k 1M 


LARGE-SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 


FREE-AIR TEMPERATURE 


10< 


E 
u 
I 
I 
5 
102 


vci - 1SV = 
10V 
— 


Hi 
io.i: 
1 
-75 -50 
-25 
0 
25 
51 


Ta-F'M-Ah TeropwB 


FIGURE 6 


75 
100 
12S 


t-*C 


LOW-LEVEL OUTPUT CURRENT 


SUPPLY VOLTAGE 


1 
50- 


3 
iS 
I 
I 


vol • 
1 V 


0 
ta 
2S*C 


100 nA 


/ /' 


/ 


ll 
OiiA 


l|_-5«A 
r~ 


Vcc-Supplv Volug«-V 


FIGURE 9 


'Data at highand lowtemperaturesare applicable onlywithin the rated operating free-air temperaturo ranges of the variousdevices. 
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£ 
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PULLDOWN CURRENT 


SUPPLY VOLTAGE 


- 
""tI^bVc. 


10 
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TYPES LM2900, LM3900 
QUADRUPLE OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTiCSt 


a 
vo 


PULLDOWN CURRENT 


FREE-AIR TEMPERATURE 


Vc 
• 
ir. 
v 


V 


-75 -50 -25 
0 
25 
50 
75 
100 
125 


Ta—Frtt-Atf Tempertlu'*- C 


TOTAL SUPPLY CURRENT 


SUPPLY VOLTAGE 


/// 


ta- 2S-C 


Noload 


10 
15 
20 
25 
30 


Vcc-Subp'v Volu»e-V 


FIGURE 12 


CO 
1- 
.2 


E 
< 
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o 
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»- 
CD 
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TYPES LM2900, LM3900 
QUADRUPLE OPERATIONAL AMPLIFIERS 


typical application data 


Norton (or current-differencing) amplifiers can be used in most standard general-purpose op-amp applications. 
Performance as a dc amplifier in a single-power-supply mode is not as precise as a standard integrated-circuit operational 
amplifier operating from dual supplies. Operation of the amplifier can best be understood by noting that input currents 
are differenced at the inverting input terminal and this current then flows through the external feedback resistor to 
produce the output voltage. Common-mode current biasing is generally useful to allow operating with signal levels 
near (or even below) ground. 


Internal transistors clamp negative input voltages at pproximately -0.3 volt but the magnitude of current flow has 
to be limited by the external input network. For operation at high temperature, this limit should be approximately 


—100 microamperes. 


Noise immunity of a Norton amplifier is less than that of standard bipolar amplifiers. Circuit layout is more critical 
since coupling from the output to the noninverting input can cause oscillations. Care must also be exercised when 
driving either input from a low-impedance source. A limiting resistor should be placed in series with the input lead 
to limit the peak input current. Current up to 20 milliamperes will not damage the device but the current mirror on 
the noninverting input will saturate and cause a loss of mirror gain at higher current levels, especially at high operating 


temperatures. 


Iq a 1 mAper input volt 


FIGURE 13-VOLTAGE-CONTROLLED CURRENT SOURCE 


Iq * 1 mAper input volt 


FIGURE 14-VOLTAGE-CONTROLLED CURRENT SINK 
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LINEAR 
INTEGRATED 
CIRCUITS 
TYPES MC1558, MC1458 
DUAL GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 


Short-Circuit Protection 


Wide Common-Mode and Differential Voltage 
Ranges 


No Frequency Compensation Required 


Low Power Consumption 


No Latch-up 


Designed to be Interchangeable with Motorola 
MC1558/MC1458 and Signetics 
S5558/N5558 


description 


The MCI 558 and MC1458 are dual general-purpose 
operational amplifiers with each half electrically similar 
to uA741 except that offset null capability is not 
provided. 


The high common-mode input voltage range and the 
absence of latch-up make these amplifiers ideal for 
voltage-follower applications. The devices are short- 
circuit 
protected 
and 
the 
internal 
frequency 
compensation 
ensures 
stability 
without 
external 


components. 


The MC1558 is characterized for operation over the 
full military temperature range of -55°C to 125°C; 
the MC1458 is characterized for operation from 0 °C 


to 70°C. 


symbol (each amplifier) 


NONINVERTING 


INPUT IN+ 
OUTPUT 


D972, FEBRUARY 1971-REVISED AUGUST 1983 


MC1558 . . . JG PACKAGE 


MC1458 . . . D. JG. OR P PACKAGE 


(TOP VIEW) 


amp, f 0UT Q1 ^8P VCC+ 
A?N IN-C* 
73OUT-, 
ff1 
l^ IN +C3 
vcc- C« 
6 Din- f 
5 3 IN+ } 


AMPL 


#2 


MC1558. MC1458 . . . U FLAT PACKAGE 


(TOP VIEWI 


#1 


NC C»1 
*-fzi 
\in+ : 
vcc- C 


Dnc 
Dvcc + 
^out\ampl 
Din- \ 
Din+ } 
#2 


MC1558 . . . FH OR FK PACKAGE 


(TOP VIEW) 


U 
r- 
(_) 
OU 
Z 
* 
Z 
> 
Z 


/ 
3 
2 
1 20 19 
\ 


NC ]< 
18 [ 
NC 


#1 IN- 
]5 
"[ 
#2 OUT 


NC ]6 
16[ 
NC 


#1 
IN + 3' 
15[ 
#2 IN- 


NC J8 
14[ 
NC 
\ 
9 10 11 1213 / 
i-innr-ir-i 
/ 


U 
| o 
+ 
o 
z 
uz z 
z 


> 
« 


NC—No internal connection 


CO 
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TYPES MC1558, MC1458 
DUAL GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 


schematic (each amplifier) 


NONINVERTING 
INPUT IN+ 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


VCC+ 


VCC- 


MC1558 
MC1458 
UNIT 
Supply voltBge Vcc+ (see Note 1) 
22 
18 
V 
Supply voltage Vqq _ (see Note 1! 
-22 
-18 
V 


Differential input voltago (see Note 2) 
±30 
±30 
V 


Input voltage at either Input (see Notes 1 and 31 
±15 
±15 
V 


Duration of output short-circuit (see Note 4) 
unlimited 
unlimited 


Continuous total dissipation at (or below) 25 °C 


free-air temperature (see Note 5) 


Each amplifier 
500 
500 


mW 
Total package 
D, FH, FK. JG, or P package 
680 
680 


U package 
675 
675 


Operating free-air temperature range 
-55 to 125 
0 to 70 
°C 


Storage temperature range 
-65 to 150 
-65 to 150 
°C 


Lead temperature 1.6 mm (1/16 inch) from case for 60 seconds FH, FK. JG or U package 
300 
300 
°C 


Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds D or P package 
260 
"C 


1. Allvoltage values, unless othorwiso noted, are with respect to the midpointbetween V^c + and Vcc - • 
2. 
Differential voltages are at tho noninvoning Input tormina! with respect to the inverting input terminal. 
3. 
The magnitude of the input voltage must never exceed the magnitudo of the supply voltage or 15 volts, whichever is less. 
4. 
The output may be shorted to ground or either powor supply. For the MO 558 only, the unlimited duration of tho short-circuit applies at (or 


below I 125°C case temperature or 70 °C free-air temperature. 
5. 
For operation above 25 °C freo-eir temperature, refor to Dissipation Derating Curves, Section 2. In the JG package. MCI 558 chips ore alloy mounted. 


MC1458 chips aro glass mounted. 
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TYPES MC1558, MC1458 
DUAL GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-air temperature, Vcc + 
- 
15 V, vcc- 
= 
" 
15 V 


PARAMETER 
TEST CONDITIONS t 
MC1558 
MC1458 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


VlO 
Input offset voltage 
V0 = 0 
25°C 
1 
5 
1 
6 
mV 
Full range 
6 
7.5 


ho 
Input offset current 
v0 = 0 
25°C 
20 
200 
20 
200 
nA 
Full range 
500 
300 


•IB 
Input bias current 
v0 = 0 
25°C 
80 
500 
80 
500 
nA 
Full range 
1500 
800 


V|CR 
Common-mode 


input voltage range 


25°C 
±12 
±13 
±12 
±13 
V 
Full range ±12 
±12 


VOM 
Maximum peak 


output voltage swing 


RL = 10 kf) 
25°C 
± 12 
±14 
±12 
±14 


V 
RL a 
10 kf! 
Full range ±12 
= 12 


RL = 2 kf) 
25°C 
±10 
±13 
= 10 
± 13 


RL 2: 2 kf) 
Full range ±10 
±10 


avd 
Large-signal differential 
voltage amplification 


RL & 2 kfl, 


V0 = ±10V 


25°C 
50 
200 
20 
200 
V/mV 
Full range 
25 
15 


bom 
Maximum-output-swing 


bandwidth (closed-loopl 


RL = 2 kf), 
V0 z 
±10 V, 


Avd = 1. 
THD 
£ 
5% 


25 °C 
14 
14 
kHz 


B1 
Unity-gain bandwidth 
25°C 
1 
1 
MHz 


<*m 
Phase margin 
aVd = 1 
25°C 
65° 
65° 


Am 
Gain margain 
25°C 
11 
11 
dB 


r; 
Input resistance 
25°C 
0.3 
2 
0.3 
2 
Mf) 


'o 
Output resistance 
v0 - 0, 


See Note 6 
25 °C 
75 
75 
il 


C| 
Input capacitance 
25°C 
1.4 
1.4 
pF 


*ic 
Common-mode 


input impedance 
f 
= 20 Hz 
25°C 
200 
200 
Mf) 


CMRR 
Common-mode 


rojoction ratio 
V|C • 
V|CR min, V0 = 0 
25°C 
70 
90 
70 
90 
dB 
Full Range 
70 
70 


ksvS 


Supply voltage 


sensitivity 


(AV|0/AVCC) 


VCC = ± 9 V to ± 15 V. 


v0 = 0 


25 °C 
30 
150 
30 
150 
^V/V 
Full range 
150 
150 


Vn 


Equivalent input 


noise voltage 


(closed-loop) 


Avd • 
10°. 
Rs = 0, 


f = 
1 kHz, 


BW 
= 
1 Hz 


25 °C 
45 
45 
nV/Vhiz 


"OS 
Short-circuit 


output current 
25 °C 
±25 
±40 
±25 
±40 
mA 


'cc 
Supply curront 


(both amplifiers) 


No load, 


V0 
= 0 


25°C 
3.4 
5 
3.4 
5.6 
mA 
Full range 
6.6 
6.6 


pd 
Total powor dissipation 


(both amplifiers) 


No load, 
v0 = 0 


25°C 
100 
150 
100 
170 
mW 
Full range 
200 
200 


V01/V02 
Crosstalk attenuation 
25°C 
120 
120 
dB 


common-mode input voltage unless othorwiso spocified. Full range for MC1558 


hortz becauso of the effects of drift and thermal feedback. 


'All characteristics are specifiod under open-loop operating conditions with zero 


Is -55°C to 125-C and for MC1458 Is 0°C to 70°C 


NOTE 6: This typical valuo applies only at frequencies above a fow hundred 
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TYPES MC1558, MC1458 
DUAL GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 


operating characteristics, Vcc+ = 15 V, VcC- = -15 V, Ta = 25°C 


PARAMETER 
TEST CONDITIONS 
MC1558 
MC1458 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
'r 
Rise time 
V| - 20 mV. 
RL = 2 kf). 


C[_ • 
100 pF, 
See Figure 1 
0.3 
0.3 
Overshoot factor 
5% 
5% 


SR 
Slew rate at unity gain 
V| = 10 V, 
RL = 2 kf). 
CL = 100 pF, 
See Figure 1 
0.5 
0.5 
V/jxs 


PARAMETER MEASUREMENT INFORMATION 


- 
V, 


INPUT 


0 V 


OUTPUT 


INPUT VOLTAGE 


WAVEFORM 


Cl= 100 pF 
Rl_ = 2kfi 


TEST CIRCUITS 


FIGURE 1-RISE TIME. OVERSHOOT. AND SLEW RATE 
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LINEAR 
INTEGRATED 
CIRCUITS 


TYPES MC3503, MC3303, MC3403 
QUADRUPLE LOW-POWER OPERATIONAL AMPLIFIERS 


D2517. FEBRUARY 1979-REVISED SEPTEMBER 1983 


Wide Range of Supply Voltages 
Single Supply ... 3 V to 36 V 
or Dual Supplies 


Class AB Output Stage 


True Differential Input Stage 


Low Input Bias Current 


Internal Frequency Compensation 


Short-Circuit Protection 


Designed to be Interchangeable with Motorola 
MC3503, MC3303, MC3403 


description 


MC3503 ... J 
PACKAGE 


MC3303. MC3403 ... D. J. OR N PACKAGE 


(TOP VIEW) 


AMPL 


# 
IJN + 


OUTQl Ul4 
" C2 


vcc+ C4 
AMPL fIN +£5 
12 i IN-f6 
L,out C 7 


13 DIN 
12 3 IN 
11 3 vcc - 
io3in+ , 
9 J IN- 
8 3 OUT} 


AMPL 
#4 


#3 


The MC3503, MC3303, and the MC3403 are quadruple operational amplifiers similar in performance to the uA741 
but with several distinct advantages. They are designed to operate from a single supply over a range of voltages from 
3 volts to 36 volts. Operation from split supplies is also possible provided the difference between the two supplies 
is 3 volts to 36 volts. The common-mode input range includes the negative supply. Output range is from the negative 
supply to Vcc ~ 1-5 V. Quiescent supply currents are less than one-half those of the uA741. 


The MC3503 is characterized for operation over the fullmilitarytemperature range of - 55 °C to 125 °C. The MC3303 
is characterized for operation from - 40 °C to 85 °C, and the MC3403 is characterized for operation from 0 ° to 70 °. 


symbol (each amplifier) 


NONINVERTING 
INPUT IN+ 


1- 
.2 
it: 
"5. 
E 
< 


15 
c 
o 
+3 
CO 
•— 
<D 
o. 
O 
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TYPES MC3503, MC3303, MC3403 
QUADRUPLE LOW-POWER OPERATIONAL AMPLIFIERS 


schematic (each amplifier) 


NONINVERTING 
INPUT 
O- 


All component valuos shown are nominal 


OVcc+ 


TO THREE 
OTHER 
AMPLIFIERS 


oOUTPUT 


VCC- 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


MC3503 
MC3303 
MC3403 
UNIT 
Supply voltago Vqc+ (see Note 11 
18 
18 
18 
V 
Supply voltage \ZqC- <see Nota D 
-18 
-18 
-18 
V 
Supplyvoltage V(x+ with respect to VrjC- 
36 
36 
36 
V 
Differential input voltage (see Note 2) 
±36 
±36 
±36 
V 
Input voltage (see Notes 1 and 3) 
±18 
±18 
±18 
V 


Continuous total power dissipation at (or below) 
25 °C free-air temperature (see Note 4) 


D package 
960 
960 


mW 
J package 
1375 
1025 
1025 
N package 
875 
875 
Operating free-air temperature range 
-55 to 125 
-40 to 85 
0 to 70 
°C 
Storage temperature range 
-65 to 150 
-65 to 150 
-65 to 150 
°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds 
J package 
300 
300 
300 
°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds D or N package 
260 
260 
°C 


NOTES: 1. These voltage values are with respect tothemidpoint betweon Vcc+ and Vcc- • 
2. Differential voltages areat the noninverting input terminal with respect to the invorting terminal. 
3. Neithor input must ever bemore positivo then Vcc<. ormore negative than Vcc-- 
4. Foroperation abovo 25"Cfree-air temporature. refer toDissipation Derating Curves. Section 2.IntheJ package, MC3503chips arealloy mounted. 
MC3303 and MC3403 chips are glass mounted. 
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TYPES MC3503, MC3303, MC34D3 
QUADRUPLE LOW-POWER OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-air temperature; Vcc+ 
= 14 V, V"cc 
Vcc± = ±15 V for MC3403 and MC3503 
0 V for MC3303; 


PARAMETER 
TEST CONDITIONS' 
MC3603 
MC3303 
MC3403 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


V|o 
Input offset voltage 
See Note 5 
25°C 
2 
5 
2 
8 
2 
10 
mV 
Full range 
6 
10 
12 


"VIO 


Temperature 


coefficient of 


input offset voltage 


See Note 5 
Full range 
10 
10 
10 
liVI°C 


to 
Input offset currant 
See Note 5 
25 "C 
30 
50 
30 
75 
30 
50 
nA 
Full range 
200 
2 50 
200 


QIIO 


Temperature 


coefficient of 


input offset current 


See Note 5 
Full range 
50 
50 
50 
pA/°C 


'IB 
Input bias curront 
See Note 5 
25°C 
-0.2 
-0.5 
-0.2 
-0.5 
-0.2 
-0.5 
nA 
Full range 
-1.5 
-1 
-0.8 


V|CR 
Common-mode input 


voltage rango! 
25 °C 
vec- 


to 


13 


vec- 


to 


13.5 


vcc 


to 


12 


VCC- 


to 


12.13 


vec- 


to 


13 


vec- 


to 


13.5 


V 


V0M 
Peak output 


voltage swing 


RL = 10 kfl 
25°C 
±12 
±13.5 
12 
12.5 
±12 
±13.5 


V 
RL = 2 kQ 
25°C 
i 10 
*13 
10 
12 
ilO 
±13 
RL = 2 kQ 
Full range 
1 10 
10 
±10 


*vd 
Large-signal differential 


voltage smplification 


V0 
= ±10 V. 


RL = 2 kQ 


25°C 
50 
200 
20 
200 
20 
200 
V/mV 
Full range 
25 
15 
15 


bom 
Maximum-output- 


swing bandwidth 


V0PP - 
20 V. 


Avd • 
'< 


THO 
s 
5%. 


RL • 
2 kQ 


25 °C 
9 
9 
kHz 
9 


Bl 
Unity-gain bandwidth 
V0 
= 50 mV. 


RL - 
10 kQ 
25 °C 
1 
1 
1 
MHz 


»m 
Phase margin 
CL = 200 pF, 


RL = 2 kQ 
25°C 
60" 
60° 
60° 


1 
Input resistance 
f 
= 
20 Hz 
25°C 
0.3 
1 
0.3 
1 
0.3 
1 
MO 


•o 
Output resistance 
f 
= 
20 Hz 
25 °C 
75 
75 
75 
11 


CMRR 
Common-mode 


rejection ratio 
VIC • VICRmi" 
25 °C 
70 
90 
70 
90 
70 
90 
dB 


ksvs 


Supply voltago 


sensitivity 


<<1V|0>.WCC) 


VCC - 
±2.5 to 


±15 V 
25 °C 
30 
150 
30 
150 
30 
150 
nV/V 


ios 
Short-circuit 


output current § 
25°C 
±10 
±30 
±45 
±10 
±30 
±45 
±10 
±30 
±45 
mA 


ice 
Total supply current 
No load. 


See Note 5 
25 °C 
2.8 
4 
2.8 
7 
2.8 
7 
mA 


Allcharacteristics ere moasured under open-loopconditions with zoto common-modevoltago unless other specified. Fu 
for MC3503. -40°C to 85°C for MC3303. and 0°C to 70°C for MC3403. 
The Vicr limits arediroctly linked volt-for-volt to supply voltage, viz thepositivo limit is 2 volts lessthanVqq +. 
JTemporature and/or supply voltages must be limitedto ensure that the dissipation rating is not exceeded. 
NOTE 5: V|0. I|0, lIB. andlcc are defined at V0 = 0 forMC3403 andMC3503, andV0 » 7 VforMC3303. 


ange for TA - 55 °C to 12 5 °C 


i- 


a 
E 
< 


c 
o 
+3 
(0 
k- 
OJ 
a 
O 
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TYPES MC3503, MC3303, MC3403 
QUADRUPLE LOW-POWER OPERATIONAL AMPLIFIERS 


electrical characteristics, Vcc+ = 5 V, VcC- = 0 V, Ta = 25 °C (unless otherwise noted) 


PARAMETER 
TEST CONDITIONS' 
MC3503 
MC3303 
MC3403 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


V|0 
Input offset voltage 
V0 = 2.5 V 
2 
5 
10 
2 
10 
mV 


'10 
Input offset curront 
V0 
- 2.5 V 
30 
50 
.'5 
30 
50 
nA 


'IB 
Input bias current 
V0 
= 2.5 V 
-0.2 
-0.5 
-0.5 
-0.2 
-0.5 
pA 


V0M 
Poak output 


voltage swing1 


RL - 10 kQ 
3.3 
3.5 
3.3 
3.5 
3.3 
3.5 


V 
RL = 10 kQ, 


VCC+ = 5 V to 30 V 
VCC 
-1.7 
vCc + -1.7 
VCC+ -1.7 


avd 
Large-signal differential 


voltage amplification 


V0 
= 1.7 V to 3.3 V. 


RL » 2 kQ 
20 
200 
20 
200 
20 
200 
V/mV 


ksvs 


Supply voltago 


sensitivity 


IAV,0/AVCC ± I 


VCC = ±15 V to ±2.5 V 
150 
150 
150 
,iV/V 


'cc 
Supply current 
No load, 
V0 - 2.5 V 
2.5 
•1 
2.5 
7 
2.5 
7 
mA 


V01'VC2 
Crosstalk attenuation 
f 
• 
1 kHz to 20 kHz 
120 
120 
120 
dB 


'All characteristics are measured under open-loop conditions with zero common-mode input voltago unless othorwise specified. 
:0utput will swing essentiolly to ground. 


operating characteristics, Vcc+ = 14 V, Vcc- = 0 V for MC3303; Vqc± = ±15 V for MC3403 and 
MC3503; Ta = 25 °C, Avd = 1 (unless otherwise noted) 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


SR 
Slew rate at unity gain 
V| = ±10V. 


See Figure 1 


CL 
100 pF, 
RL - 
2 kQ, 
0.6 
V/^s 


tr 
Rise time 
.Wo = 50 mV. 


See Figure 1 


CL = 100 pF. 
RL • 10 kQ, 
0.35 
|lS 


'I 
Fall time 
0.35 
CS 


Overshoot factor 
20": 


Crossover distortion 
V|pP = 30 mV. 
V0PP = 2 V. 
f 
- 
10 kHz 
1% 


PARAMETER MEASUREMENT INFORMATION 


FIGURE 1-UNITY-GAIN AMPLIFIER 
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TYPES MC3503, MC3303, MC3403 
QUADRUPLE LOW-POWER OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS t 


INPUT BIAS CURRENT 


FREE-AIR TEMPERATURE 


"c 
••:• 


ZOO 


150 


too 


'•?, 


0 
-75 -50 
-25 
0 
25 
50 
75 
100 
125 


TA-F'f«-Ai> Temperj:ui«-*C 


FIGURE 2 


MAXIMUM PEAK OUTPUT VOLTAGE 


SUPPLY VOLTAGE 


1ZS 


!10 


J7.6 


J8 


RL- lOkl! 
TA- 25"C 
/ 


/ / 
/ 


n 
4 
0 
8 
10 
12 
14 
16 


IYCC«'-Supply Voll«9«-V 


LARGE-SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 


FREQUENCY 


108 
I 
j 
10s 


4 
io* 
$ 
I 
103 


5 
| 
102 


& 


° 
10 


< 


I 


- 
1 
vcc- - ;15 v 
Rf2kn 
A-2S"C 


\ 
1 
10 
100 
Ik 
10k 
100k 
1M 


l-Fr»w*tncy-Hi 


FIGURE 6 


INPUT BIAS CURRENT 


SUPPLY VOLTAGE 


Ta - 25*C 


< »0 
— 


i 
= 
150 


a 
flOO 


e 


~ 
50 


0 
4 
6 
B 
10 
12 
14 
16 


IVCC!l-Supply Voluge-V 


FIGURE 3 


MAXIMUM PEAK OUTPUT VOLTAGE 


FREQUENCY 


4 k 
10. 
40 k 
100 k 
400 k 1 M 


f-Frequcncy-H* 


FIGURE 5 


VOLTAGE-FOLLOWER 
LARGE-SIGNAL PULSE RESPONSE 


VCCI •115 V 
1 
\ 
RL- 2 kfl 


0 LITF- ]/ 
! s 
w FiffLirt 1 
/ 
\ 
J 
V 
1 
; 
\ 


• 
V 
/ 
: 
\ 
/ 
! INPUT 
s 


0 
10 
20 
30 
40 
SO 
60 
70 
.80 
90 


1-Tim—ui 


FIGURE 7 


'Dataat high and low temporaturos areapplicable only within therated operating free-air temperature ranges ofthevarious devices. 


V) 
»- 
.2 
|£ 
"a. 
E 
< 


c 
o 
'-5 
CO 
»- 
03 
Q. 
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Operational Amplifiers 


LINEAR 
INTEGRATED 
CIRCUITS 


TYPES NE5532, NE5532A 
DUAL LOW-NOISE OPERATIONAL AMPLIFIERS 


D2563, NOVEMBER 1979-REVISED AUGUST 1983 


Equivalent Input Noise 
Voltage 
5 nVA/TIz Typ at 1 kHz 


Unity-Gain Bandwidth 
10 MHz Typ 


Common-Mode Rejection Ratio .... 
100 dB Typ 


High DC Voltage Gain 
100 V/mV Typ 


Peak-to-Peak Output Voltage 
Swing ... 
32 V Typ with Vqc± = ±18 V and 
RL = 600 n 


High Slew Rate 
9 V/>s Typ 


Wide Supply Voltage Range ... 
±3 V to ±20 V 


Designed to 
be 
Interchangeable with Signetics 
NE5532 and NE5532A 


description 


NE5532. NE5532A . . . JG OR P 


DUAL-IN-LINE PACKAGE 


(TOP VIEWI 


OUTOl Usn VCC+ 
IN- £ 2 
7 2 OUT 
IN+ ^3 
e]IN- 
VCC- L* 
5 3 IN + 


The NE5532 and NE5532A are monolithic high-performance operational amplifiers combining excellent dc and ac 
characteristics. They feature very low noise, high output drive capability, high unity-gain and maximum-output-swing 
bandwidths, low distortion, high slew rate, input-protection diodes, and output short-circuit protection. These operational 
amplifiers are internally compensated for unity gain operation. The NE5532A has guaranteed maximum limits for 
equivalent input noise voltage. 


The NE5532 and NE5532A are characterized for operation from 0°C to 70 °C. 


symbol (each amplifier) 


NONINVERTING 
INPUT IN + 


INVERTING 
INPUT IN-" 


schematic (each amplifier) 


\ 
^> 
OUTPUT 


r 
[-r36pF 
rxjJ 


NONINVERTING 
INPUT 


All component values shown are nominal. 


•Vcc* 


-vcc- 


o 


"5. 
£ 
< 


"co 
c 
o 
*3 
CO 
i- 
03 
a. 
O 
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TYPES NE5532, NE5532A 
DUAL LOW-NOISE OPERATIONAL AMPLIFIERS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc + lsee Note 1) 
22 V 
Supply voltage, Vcc- 'see Note 1) 
-22 V 
Input voltage, either input (see Notes 1 and 2) 
Vcc ± 
Input current (see Note 3) 
±10 mA 
Duration of output short-circuit (see Note 4) 
unlimited 
Continuous total power dissipation at (or below) 25 °C free-air temperature (see Note 5): 
JG package 
825 mW 
P package 
725 mW 
Operating free-air temperature range: NE5532, NE5532A 
0°C to 70°C 
Storage temperature range 
- 65 °C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package 
300 °C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: P package 
260°C 


NOTES: 
1. Allvoltage values, except differential voltages, are with respect to the midpoint between Vcc+ ana VCC-- 
2. The magnitude of the input voltage must never exceed the magnitude of tho supply voltage. 
3. Excessive input current will flow if a differential input voltage in excess of approximately 0.6 V is applied between the inputs 
unless some limiting resistance is used. 
4. The output may be shorted to ground or either power supply. Temperature and/or supply voltages must be limitedto ensure 
the maximum dissipation rating is not exceeded. 
5. Foroperation above 25°C free-airtemperature, referto the DissipationDeratingCurves inSoction 2. Intho JG package, chips 
are glass-mounted. 
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TYPES NE5532, NE5532A 
DUAL LOW-NOISE OPERATIONAL AMPLIFIERS 


electrical characteristics, Vcc ± = ±15 V, Ta 
= 25 °C (unless otherwise noted 


PARAMETER 
TEST CONDITIONS' 
NE5532. NE5532A 
UNIT 


MIN 
TYP 
MAX 


V|0 
Input offset voltage 
v0 = o 
TA = 25°C 
0.5 
4 
mV 
TA = 0°C to 70°C 
5 


iio 
Input offset current 
TA = 25°C 
10 
156 
nA 
Ta = 0"C to 70 "C 
200 


'IB 
Input bias current 
TA = 25°C 
200 
800 
nA 
TA = 0°C to 70°C 
1000 


V|CR 
Common-mode input 


voltage range 
±12 
±13 
V 


VOPP 
Maximum peak-to-peak 
output voltage swing 
Rl a 600 n 
VCC± ±15V 
24 
26 
V 
VCc± 
•= 
±18 V 
30 
32 


avd 
Large-signal differential 
voltage amplification 


RL a 
600 11, 
V0 = ±10V 
TA = 25°C 
15 
50 


V/mV 
TA = 0°C to 70°C 
10 
RL 2: 2 kil. 


Vo = ±10 V 


TA = 25°C 
25 
100 


TA = 0°C to 70°C 
15 


Avd 
Small-signal differential 


voltage amplification 
f 
= 
10 kHz 
2.2 
V/mV 


Bom 
Maximum-output- 
swing bandwidth 
RL • 600 ff. 
V0 = ±10 V 
140 
kHz 
RL - 600 n, 
VCC± = ±18 V, V0 - 
±14 V 
100 


B1 
Unity-gain 


bandwidth 
RL = 600 a 
CL = 100 pF 
10 
MHz 


rj 
Input resistance 
30 
300 
kQ 
'0 
Output impedance 
AVD - 30 dB. 
RL = 600 !). 
f = 10 kHz 
0.3 
Q 


CMRR 
Common-mode 


rejection ratio 
VIC = V|CR min 
70 
100 
dB 


ksVR 


Supply voltage 


rejection ratio 
(AVCC±MV|o) 
VCC± - 
±9 V to ± 15 V. 
V0 - 0 
80 
100 
dB 


'OS 
Output short-circuit 


current 
38 
mA 


ice 
Total supply current 
No load. 
v0 • o 
8 
16 
mA 
VolA/o2 
Crosstalk attenuation 
Vol 
= 10 V peak, 
f 
- 
1 kHz 
110 
dB 


All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. 


operating characteristics, Vqc± = ±15 V, Ta = 25 °C 


PARAMETER 
TEST CONDITIONS 
NE5532 
NE5532A 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
SR 
Slow rate at unity gain 
9 
9 
V/„s 


Overshoot factor 
V| = 100 mv, 
AVD - 
l. 
Rl = 600 n. 
cL - ioo pf 
10% 
10% 


Equivalent input 


n 
i 
noise voltago 


f 
= 30 Hz 
8 
8 
10 
nV/VHz 
f 
• 
1 kHz 
5 
5 
6 
Equivalent input 
'n 
noise current 


f 
> 
30 Hz 
2.7 
2.7 
pA/v/Hl 
f 
= 
1 kHz 
0.7 
0.7 
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Operational Amplifiers 


LINEAR 
INTEGRATED 
CIRCUITS 


TYPES OP-07C, 0P-07D, 0P-07E 
ULTRA-LOW-OFFSET-VOLTAGE OPERATIONAL AMPLIFIERS 


Ultra-Low Offset Voltage ... 30 /A/ Typ 
(OP-07E) 


Ultra-Low Offset Voltage Temperature 
Coefficient ... 0.3 /xV/°C Typ (OP-07E) 


Ultra-Low Noise 


• 
No External Components Required 


• 
Replaces Chopper Amplifiers at a Lower 
Cost 


• 
Single-Chip Monolithic Fabrication 


• 
Wide Input Voltage Range 
0 to ±14 V Typ 


• 
Wide Supply Voltage Range 


± 3 
V to 
± 18 V 


• 
Essentially Equivalent to Fairchild /iA714 
Operational Amplifiers 


• 
Direct Replacement for PMI OP-07C, 
OP-07D, OP-07E 


description 


These devices represent a breakthrough in operational amplifier performance. Low offset and long-term stability are 
achieved by means of a low-noise, chopperless, bipolar-input-transistor amplifier circuit. For most applications, no 
external components are required for offset nulling and frequency compensation. The true differential input, with a 
wide input voltage range and outstanding common-mode rejection, provides maximum flexibility and performance 
in high-noise environments and in noninvertingapplications. Lowbias currents and extremely high input impedances 
are maintained over the entire temperature range. The OP-07 is unsurpassed for low-noise, high-accuracy amplification 
of very-low-level signals. 


These devices are characterized for operation from 0°C to 70 °C. 


schematic 


OFFSET N1 


OFFSET N2 


NONINVERTING ,3> 
INPUT IN+ 


INVERTING (21 
INPUT IN- 


D2757. OCTOBER 1983 


symbol 


JG OR P DUAL-IN-LINE PACKAGE 
(TOP VIEWI 


OFFSET N1 •' 
Ub 3 OFFSET N2 
IN- C 
IN + C 
vcc-C 


-> Dvcc- 
6 3 OUT 
5 3 NC 


NONINVERTING 


INPUT IN+ 


OFFSET N2 


vCc- 


.2 
j£ 
"a 
E 
< 


c 
o 


co 
>- 


a 
O 


Copyright 0 1983 by Texas Instruments Incorporated 


3-67 
Texas 
Instruments 
POSTOFFICE BOX 225012 • DALLAS, TEXAS 75265 


o 
•o 
CD 


!■♦ 
5' 
3 


> 
3 
•o_ 


5" 


to 


TYPES 0P-07C, OP-07D. OP-07E 
ULTRA-LOW-OFFSET VOLTAGE OPERATIONAL AMPLIFIERS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supplyvoltage Vcc + <see Note 1' 
22 V 
Supply voltage Vcc - 
- 22 V 
Differentialinput voltage (see Note 2) 
±30 V 
Input voltage (either input, see Note 3) 
± 22 V 
Duration of output short circuit (see Note 4) 
unlimited 
Continuous total dissipation at (or below) 25 °C free-air temperature (see Note 5) 
500 mW 
Operatingfree-air temperature range 
0°C to 70°C 
Storage temperature range 
- 65 °C to 150°C 
Leadtemperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package 
300°C 
Leadtemperature 1,6 mm (1/16 inch) from case for 10 seconds: P package 
260°C 


NOTES: 1. 
All voltago values, unless otherwise noted, are with respect to the midpoint between Vcc + and VCC - • 
2. Differential voltages are at tho noninverting input terminal with respect to the inverting input terminal. 
3. The magnitude of the input voltage must never exceed the magnitudeof tho supply voltago or 15 volts, whichever is less. 


4. 
The output may be shorted to ground or either power supply. 
5. For oporation above 25°C froe-Bir temperature, refer to DissipationDeratingCurves in Section 2. Intho JG package, those chips aro glass-mounted. 


-jrr 
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electrical characteristics at specified free-air temperature, Vcc ± = ± 15 V (unless otherwise noted) 


PARAMETER 
TEST CONDfTIONS' 
0P-7C 
0P-7D 
0P-7E 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


V|0 
Input offset voltage 
Vo = 0. 
Hs 
50 '.; 
25"C 
60 
150 
60 
150 
30 
75 
*v 
0°C to 70"C 
85 
250 
85 
250 


"VIO 
Temperature coefficient of 


input offset voltage 
Vq • 0. 
Rs • 50 if 
0°C to 70 °C 
0.5 
1.8 
0.7 
2.5 
0.3 
1.3 
^V/°C 


Long-term drift of 


input offset voltage 
See Note 6 
0.4 
0.5 
0.3 
(iV/mo 


Offset adjustment range 
RS 
20 kO, 
See Figure 1 
25' C 
±4 
±4 
•4 
mV 


'10 
Input offset current 
25"C 
0.8 
6 
0.8 
6 
0.5 
3.8 
nA 
0°C to 70 °C 
1.6 
8 
1.6 
8 
0.9 
5.3 


"110 
Temperature coefficient of 


input offset current 
0°C to 70°C 
12 
50 
12 
50 
8 
35 
pA/°C 


'IB 
Input bias current 
25°C 
±1.8 
! 7 
• 2 
! 12 
±1.2 
t 4 
nA 
O-C to70°C 
±2.2 
-9 
• .1 
• 14 
±1.5 
±5.5 


«IIB 
Temperature coefficient of 


input bias current 
0°C to 70°C 
18 
50 
18 
50 
13 
35 
pA/°C 


V.CR 
Common-mode input 


voltago range 
25°C 
= 13 
±14 
1 13 
±14 
• 
i 3 
±14 
V 
0°C to 70 "C 
±13 
±13.5 
: 
13 
±13.5 
±13 
±13.5 


VOM 
Peak output voltage 


RL 2 
10 kfi 


25 "C 


±12 
±13 
±12 
±13 
±12.5 
±13 


V 
RL >2kD 
! 11.5 
± 12.8 
±11.5 
±12.8 
±12 
± 12.8 
RL > 1 kfl 
±12 
±12 
±10.5 
• 12 


AVD 
Large-signal differential 


voltage amplification 


VCC± = :3V. 
V0 • ±0.5 V. 


RL a 500 kfl 
25°C 
100 
400 
400 
150 
400 


V/mV 
V0 
= ±10 V. 
RL = 2 kfl 
25°C 
120 
400 
120 
400 
200 
500 


0°C to 70"C 
100 
400 
100 
400 
1 80 
450 
8, 
Unity gain bandwidth 
25°C 
0.4 
0.6 
0.4 
0.6 
0.4 
O.fi 
MHz 


r, 
Input resistance 
25°C 
:i 
33 
7 
31 
15 
50 
Ml) 


CMRR 
Common-mode 


rejection ratio 
V|C = ±13 V. 
RS . 
50 n 
25°C 
100 
120 
94 
110 
106 
123 
dB 
0°C to 70 "C 
97 
120 
94 
106 
103 
123 


kSVS 
Supply voltage sensitivity 


[AViq/AVccI 


VCC. 
= i3 V to ±18 V. 


RS 
50 Q 


25°C 
7 
32 
7 
32 
5 
20 
,(V/V 
0°C to 70 "C 
10 
51 
10 
51 
7 
32 


PD 
Powor dissipation 


V0 
- 0. 
No Id.iil 


25 °C 


80 
150 
HO 
150 
75 
120 


mW 
VCCl . 
±3V. 
V0 = 0. 


No load 
4 
8 
4 
8 
4 
6 


All characteristics are measured under open-loop conditions with zerocommon-mode input voltage unless otherwise notod. 
NOTE 6: 
Sincelong-term driftcannotbe measuredon the individual devicesprior to shipment,thisspecification is not intendedto be a i 
the averaged trend line of drift versus timeover extendedperiodsafter tho first thirtydays of operation. 
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TYPES OP-07C, 0P07D, OP07E 
ULTRALOWOFFSET VOLTAGE OPERATIONAL AMPLIFIERS 


operating characteristics at specified free-air temperature, Vcc± 
= ±15 V (unless otherwise noted) 


PARAMETER 
OP-7C 
OP-7D 
OP-7E 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Vn 
Equivalent input 


noise voltago 
TA = 25 °C 


f 
= 
10 Hz 
10.5 
20 
10.5 
20 
10.3 
18 


nV/vH? 
:c: H- 
10.2 
13.5 
10.3 
13.5 
10.0 
13 


f 
- 
1 kHz 
9.8 
11.5 
9.8 
11.5 
9.6 
11 


VNPP 


Peak-to-peak 


equivalent input 


noise voltage 


f 
= 0.1 Hz to 10 Hz. 


TA = 25°C 
0.38 
0.65 
0.38 
0.65 
0.35 
0.6 
mV 


In 
Equivalent input 


noise current 
TA - 25°C 


f 
= 
10 Hz 
0.35 
0.9 
0.35 
0.9 
0.32 
-: 


pA.\Hz 
f 
= 
100 Hz 
0 
15 
0.27 
0.15 
0.27 
0.14 
0.23 


f 
= 
1 kHz 
0.13 
0.18 
0.13 
0.18 
0.12 
0.17 


•npp 


Peak-to-peak 


equivalent input 


noise current 


f 
= 0.1 Hz to 
10 Hz. 


TA = 25 °C 
15 
35 
15 
35 
14 
30 
pA 


SR 
Slew rate 
RL a 2 kO, 
TA = 25°C 
0.1 
0.3 
0.1 
0,3 
0.1 
0.3 
V/>s 


'All characteristics are measured under open-loop conditions with zero common-mode Input voltage unless otherwise specified. 


TYPICAL APPLICATION DATA 


vcc+ 


vCc- 


FIGURE 1-INPUT OFFSET VOLTAGE NULL CIRCUIT 


3-70 
Texas 
Instruments 


POST OFFICE BOX 225012 • 
DALLAS. TEXAS 75265 


LINEAR 
INTEGRATED 
CIRCUITS 


TYPES 0P-12A, 0P-12B, 0P-12C, 0P-12E, 0P-12F, 0P-12G 
PRECISION LOW-INPUT-CURRENT OPERATIONAL AMPLIFIERS 


D2817. OCTOBER 1983 


Internally Frequency Compensated 


Improved Version of LM108 


Direct Replacement for PMI 0P-12A, 
0P-12B, 0P-12C, 0P-12E, 0P-12F, and 
0P-12G. 


0P-12A. 0P-12B. 0P-12C . . . JG PACKAGE 


0P-12E. 0P-12F. 0P-12G . . . D. JG, OR P PACKAGE 


(TOP VIEW) 


NCQl 
IN - C 2 
IN+ f~3 
vcc - C -» 


T7 8 ] NC 
7 :vCc 
6 DOUT 
5 ] NC 
description 


The 
OP-12 devices are 
precision low-input- 
current 
internally 
compensated 
operational 
amplifiers. The devices are improved versions of 
the LM108 series. The OP-12 amplifiers exhibit 
low input bias current and input offset voltage 
and current to improve the accuracy of high- 
impedance circuits using these devices. The 
devices feature 
short-circuit protection and 
internal frequency compensation. 


The 
0P-12A, 
0P-12B, 
and 
0P-12C 
are 
characterized for operation over the full military 
temperature range of -55°C to 125°C. The 
OP-12E, OP-12F, and OP-12G are characterized 
for operation from 0°C to 70°C. 


NC-No internal connection 


symbol 


NONINVERTING 


INPUT IN+ 


DEVICE FEATURES 


PARAMETER 
OP-12A 


OP-12E 


OP-12B 


OP-12F 


OP-12C 


OP-12G 
Input offset voltage (Max) 
150 ,.V 
300 ,iV 
1000,iV 
Temperature coefficient of input offset voltage (Max) 
2.5 ^V/°C 
3.5 ,.V/°C 
10^V/°C 
Input offset current (Max) 
200 pA 
200 pA 
500 pA 
Input bias current (Max) 
2 nA 
2 nA 
5 nA 
Common-mode input voltage range 
1 1 3 
V 
±13 V 
±13 V 
Power dissipation (Max) 
6 mW 
6 mW 
8 mW 


Copyright © 1983 by Texas Instruments Incorporated 
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TYPES 0P-12A, 0P-12B, 0P-12C, 0P-12E, 0P-12F, 0P-12G 
PRECISION LOW-INPUTCURRENT OPERATIONAL AMPLIFIERS 


absolute maximum ratings over free-air temperature range (unless otherwise noted) 


OP-12A. OP-12B 


OP-12C 


OP-12E, 0P-12F 


OP-12G 
UNIT 


Supply voltage, Vcc + (see Note 11 
20 
18 
V 


Supply voltage. Vcc- 'see Note 1' 
-20 
-18 
V 


Input voltage (either input, see Note 2) 
= 15 
= 15 
V 


Differential input current (see Note 3) 
±10 
±10 
mA 


Duration of output short circuit (see Note 4) 
unlimited 
unlimited 


Continuous total dissipation at (or below) 25°C free-air temperature (see Note 5) 
500 
500 
mW 


Operating free-air temperature range 
-55 to 125 
0 to 70 
°C 


Storage temperature range 
-65 to 150 
-65 to 150 
°C 


Lead temperature 1,6 mm (1/16 inchl from case for 60 seconds JG package 
300 
300 
°C 


Lead temperature 1.6 mm(1/16 inch) from case for 10 seconds Dor P package 
260 
°C 


NOTES: 1. All voltage values, except otherwise noted, arewith respect to themidpoint between Vcc+ Bnd VCC-- 
2. The magnitude oftheinput voltage must never exceed the magnitude ofthesupply voltage or15volts, whichever Is less. 
3. The inputs are shunted with back-to-back diodes for input overvoltage protection. Therefore, excessive current will flow ifadifferential voltage 
in excess of 1 volt is applied between the Inputs unlesssomelimiting resistanceis provided. 
4. The output may beshorted toground or toeither supply. Temperature and/or supply voltages must belimited toensure that the dissipation rating 


6. For operation above 25°C free-air temperature, refer toDissipation Derating Curves. Section 2.In the JG packages. OP-12A. OP-12B. and OP-12C 
chips are alloy-mounted; OP-12E. 0P-12F, and OP-12G chipsare glass-mounted. 
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electrical characteristics at specified free-air temperature, Vcc± = ±20 Vfor 0P-12A and OP-12B ±15 Vfor 0P-12C 
(unless otherwise noted) 


PARAMETER 
TEST CONDITIONS' 
OP-12A 
OP-12B 
OP-12C 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


V|0 
Input offsot 


voltage 
25 °C 
0.07 
0.15 
0.18 
0.3 
0.25 
1 
mV 
-55°C to 125°C 
0.12 
0.35 
0.28 
0.6 
0.4 
2 


"VIO 


Average temperature 


coefficient of 


input offsot voltage 
v0 • o 
-55°C to 125°C 
0.5 
2.5 
1 
3.5 
1.5 
10 
,iV/0C 


to 
Input olfset 


current 
25°C 
0,05 
0.2 
0.05 
0.2 
0.08 
0.5 
nA 
-55°C to 125°C 
0.12 
0.4 
0.12 
0.4 
0.18 
1 


"HO 


Average temperature 


coefficient of 


input offsot current 
v0 = 0 
-55°C to 125°C 
0.5 
2.5 
0.5 
2.5 
1 
5 
pA/°C 


'IB 
Input bias current 
25°C 
0.8 
2 
0.8 
2 
1 
5 
nA 
-55°C to 125°C 
1.2 
3 
1.2 
3 
1.8 


V|CR 


Common-mode 


input voltage 


range 


VCC = ±15V 
25-C 
±13 
±14 
±13 
±14 
±13 
±14 


V 
-55°C to 125°C 
±13 
±14 
±13 
±14 
±13 
±14 


V0M 


Maximum 


peak output 


voltage swing 


VCC± " ±15 V, RL 
=- 10 kfl 
25 °C 
±13 
±14 
±13 
±14 
±13 
±14 


V 
VCC. 
= ± 15 V. RL = 2 kf) 
-10 
• 12 
±10 
±12 
±10 
±12 


-55°C to 
125°C 
±13 
± 14 
±13 
±14 
±13 
• 14 
VCC± = 115 V. RL -- 5 kll 
±10 
±13 
±10 
±13 
±10 
±12 


AVD 


Large-signal 


differential 


voltago amplification 


V0 - 
±10 V. RL 2 10 kf) 
25°C 
80 
300 
80 
300 
40 
250 


V/mV 
V0 = -10 V. RL 2 2 kfl 
50 
150 
50 
150 
100 
V0 > ±10 V. RL a 5 kfl 
-55°C to 125°C 
40 
120 
40 
120 
15 
80 


Bl 
Unity-gain 


bandwidth 
AVD = 1 
25 °C 
0.8 
0.8 
0.8 
MHz 


rj 
Input resistance 
25°C 
26 
70 
26 
70 
10 
50 
Mf) 
25°C 
200 
200 
200 
f) 


CMRR 
Common-mode 


rejection ratio 
V|C = ± 13 V 
25°C 
104 
120 
104 
120 
84 
116 
dB 
-55°C to 
125°C 
ion 
116 
100 
116 
80 
112 


kSVR 


Supply voltage 


rejection ratio 


IAVCC±/V|01 


VCC = ±5 Vto ±15 V 
25 °C 
104 
120 
104 
120 
84 
116 


dB 
-55°C to 125°C 
100 
116 
100 
116 
80 
112 


PD 
Power dissipation 


VCC± = ±15 V. V0 = 0, 


No load 
-55°C to 125°C 
9 
18 
9 
18 
15 
24 


mW 
VCC:. - 
±5V. V0 = 0. 


No load 
25 °C 
3 
6 
3 
6 
4 
8 


'cc 
Supply current 
VCC± = ±15 V, V0 = 0. 


No load 
25°C 
0.3 
0.6 
0.3 
0.6 
0.4 
0.8 
mA 


All characteristics aro specified under open-loop conditions with zero common-mode input voltago. unless otherwise noted 
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TYPES 0P-12A, 0P-12B, 0P-12C 
PRECISION LOW-INPUT-CURRENT OPERATIONAL AMPLIFIERS 


operating characteristics at 25°C free-air temperature, Vcc± = ±20 V for 0P-12A and 
0P-12B, ±15 V for 0P-12C (unless otherwise noted) 


PARAMETER 
TEST CONDITIONS' 
OP-12A 
OP-12B 
OP-12C 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Slew rate at 
SR 
unity gain 
RL 2: 2 kil 
0.12 
0.12 
0.12 
V/Vs 


Equivalent input 
n 
noise voltage 


f 
= 
10 Hz 
22 
22 
22 


nVvHz 
f 
- 
100 Hz 
21 
21 
21 


f 
= 
1000 Hz 
20 
20 
20 


Equivalent input 


n 
noise current 


f 
= 
10 Hz 
0.15 
0.15 
0.15 
pANTTz 
f 
= 
100 Hi 
0.14 
0.14 
0.14 


f 
= 
1000 Hz 
0.13 
0.13 
0.13 


Peak-to-peak 
VNPP. 
• 
i 
input noise voltage 
f 
= 0.1 Hz to 10 Hz 
0.9 
0.9 
0.9 
B.V 


Peak-to-peak 
IfMPP .input noise current 
f 
= 0.1 Hz to 10 Hz 
3 
3 
3 
PA 


'Allcharacteristics arespecified under open-loop conditions with zero common-modo Input voltage, unloss otherwise noted. 
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electrical characteristics at specified free-air temperature, VcC± = ±20 V for 0P-12E and OP-12F, 
(unless otherwise noted) 
15 Vfor OP-12G 


PARAMETER 
TEST CONDITIONS' 
OP-12E 
OP-12F 
OP-12G 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


V|0 
Input offset 


voltage 
V0 = 0. Rs = 50 Q 
25°C 
0.07 
0.15 
0.18 
0.3 
0.25 
1 
mV 
0°C to 70°C 
0.1 
0.26 
0.23 
0.45 
0.32 
1.4 


"VIO 


Avorage temperature 


coefficient of 


input offset voltago 


V0 - 0 
0°C to 70 °C 
0.5 
2.5 
1 
3.5 
1.5 
10 
mV/°C 


to 
Input offset 


current 
V0 
= 0 
25°C 
0.05 
0.2 
0.05 
0.2 
0.08 
0.5 
nA 
0°C to 70 °C 
0.08 
0.3 
0.11 
0.6 
0.12 
0.7 


<*IIO 


Avorage temperature 


coefficient of 


input offset current 
v0 - o 
0°C to 70 °C 
0.5 
2.5 
1 
5 
1 
5 
pA/°C 


'IB 
Input bias current 
v0 • 
o 
25°C 
0.8 
2 
0.8 
2 
1 
5 
nA 
0°C to 70"C 
1 
2.6 
1.2 
5.2 
1.4 
6.5 


VlCR 
Common-modo 


input voltage range 
VCC - 
±15 V 
25°C 
±13 
±14 
±13 
±14 
t 13 
±14 
V 
0°C to 70°C 
±13 
±14 
±13 
±14 
±13 
±14 


VOM 


Maximum 


peak output 


voltage swing 


vCCl 
= ±15 V. RL & 10 kQ 
25 °C 
±13 
±14 
±13 
±14 
±13 
±14 


V 
VCC± 
± 15 V. RL > 2 kll 
±10 
±12 
±10 
±12 
t 
10 
±12 
VCC± = ±15 V. RL s 10 kO 
0°C to 70 °C 
±13 
±14 
±13 
•14 
±13 
±14 
VCCl 
= ±15 V. RL a 5 kfl 
t 10 
±12 
±10 
±12 
±10 
±12 


AVD 


Large-signal 


differential 


voltage 


amplification 


V0 • 
±10 V. RL 2 10 kQ 
25 "C 
80 
300 
80 
300 
40 
250 


V/mV 
V0 - 
± 10 V, RL a 2 kO 
50 
150 
50 
150 
100 
V0 • 
± 10 V. RL a 10 kO 
0°C to 70°C 
25 
100 
16 
100 
80 
V0 - 
±10 V. RL a 2 kQ 
60 
200 
60 
200 
25 
150 


BOM 
Maximum-output 


swing bandwidth 
AVD • 
1 
25 °C 
0.8 
0.8 
0.8 
MHz 


r; 
Input resistance 
25°C 
26 
70 
26 
70 
10 
50 
Mf) 


'o 
Output resistance 
25°C 
200 
200 
200 
0 


CMRR 
Common-modo 


rejection ratio 


V|C = ±13 V. RS = 50 Q. 


v0 - 0 


25°C 
104 
120 
102 
120 
84 
116 
dB 
0°C to 70°C 
100 
116 
100 
116 
80 
112 


kSVR 


Supply voltago 


rejection ratio 


UVCC±/V|0) 


VCC • 
±5 V to ±15 V. 


V0 = 0. RS = 50 0 


25 °C 
104 
120 
102 
120 
84 
116 
dB 


0°C to 70 °C 
100 
116 
100 
116 
80 
112 


PD 
Power dissipation 


VCC± 
• 
±15 V. V0 = 0. 


No load 
0°C to 70°C 
9 
18 
9 
18 
15 
24 


mW 
VCC± 
• 
±5 V, V0 = 0. 


No load 
25°C 
3 
6 
3 
6 
4 
8 


'CC 
Supply current 
VCC± 
• 
±15 V. V0 = 0. 


No load 
25°C 
0.3 
0.6 
0.3 
0.6 
0.4 
0.8 
mA 


'All characteristics are specified under open-loopconditions with zero common-modoinput voltage, unloss otherwise noted. 
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TYPES 0P-12E, 0P-12F, 0P-12G 
PRECISION LOW-INPUT-CURRENT OPERATIONAL AMPLIFIERS 


operating characteristics at 25 °C free-air temperature, Vcc± = ±20 V for 0P-12E and 0P-12F, 
±15 V for 0P-12G (unless otherwise noted) 


PARAMETER 
TEST CONDITIONS' 
OP-12E 
OP-12F 
OP-12G 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Slew rate at 
SR 
unity gain 
RL 2 
2 kil 
0.12 
0.12 
0.12 
V//iS 


Equivalent input 
n 
noise voltage 


f 
= 
10 Hz 
2 2 
22 
22 
nVVHl 
f 
= 
100 Hz 
21 
21 
21 


f 
= 
1000 Hz 
20 
20 
20 


Equivalent input 
n 
noise current 


f 
= 
10 Hz 
0.15 
0.15 
0.15 
pAv'Hl 
f 
= 100 Hz 
0.14 
0.14 
0.14 


f 
= 
1000 Hz 
0.13 
0.13 
0.13 


Peak-to-peak 
VNPP •input noise voltage 
f 
= 0.1 Hz to 10 Hz 
0.9 
0.9 
0.9 
„V 


Peak-to-peak 
'NPP 
•input noise current 
f 
= 0.1 Hz to 10 Hz 
3 
3 
3 
pA 


'All characteristics are specifiod under open-loop conditions with zero common-mode input voltage, unless otherwise noted. 
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LINEAR 
INTEGRATED 
CIRCUITS 


Low Offset Voltage ... 20 ^V Typ 
(0P-227E) 


Low Coefficient of Input Offset 
Voltage ... 0.4 pV/°C Typ (0P-227F) 


Low Equivalent Input Noise Voltage: 
3 nV/v/Hz Typ at f = 1 kHz (0P-227E 
and OP-227F) 
0.2 MV p.p Max at f = 0.1 to 10 Hz 
(OP-227E and OP-227F) 


High Slew Rate ... 2.8 V/>s Typ 


High Voltage Amplification ... 1.8 x 106 
Typ at Rl > 2 kfl (OP-227E and OP-227F) 


Direct Replacements for PMI OP-227E, 
OP-227F, OP-227G 


description 


The OP-227 family of dual operational amplifiers 
offers low offset, low noise, and high slew rates. 
The temperature coefficient 
of 
input offset 
voltage is typically only 0.4 /tv/°C for the 
OP-227F. 
Both 
the 
OP-227E 
and 
OP-227F 
achieve typical voltage gains of 1.8 million with 
a 2-kf] load, and both have maximum peak-to- 
peak 
noise 
voltage 
of 0.2 
microvolts 
and 
equivalent 
input 
noise 
voltage 
of 
typically 
3 nV/VHz. 
The 
2.8-V//is slew 
rate 
and 
8-Megahertz bandwidth bring a high level of 
performance to instrumentation designs. These 
devices usually require no external components 
for offset nulling or frequency compensation. 


The OP-227E, OP-227F, and OP-227G will be 
characterized for operation over the temperature 
range of -25°C to 85°C. 


TYPES 0P-227E, 0P-227F, 0P-227G 
LOW-NOISE DUAL OPERATIONAL AMPLIFIERS 


D2805, OCTOBER 1983 


J OR N DUAL-INLINE PACKAGE 


ITOP VIEW) 


#1 OFFSET fj 
#1 OFFSET £ 
#1 IN- E 
#1 IN+ £ 
#2 VCC- C 
H2 OUTfJ 
#2VCC+ C 


XT 


symbol (each amplifier) 


3*1 vcc + 
3 tf\ OUT 
3 11 vcc- 
] #2 IN + 
j S2 IN- 
3 It 2 OFFSET 
] #2 OFFSET 


OFFSET 
1 
E£J 
OFFSET 


NONINVERTING 
P^ 
>«. 


(0 


INPUT IN+ 
.2 
> 
OUTPUT 
sc 
INVERTING 
/^ 
INPUT IN- 
"5. 
*- 
E 
< 
^^ 
<0 
c 
o 
"•£ 
ro 
i_ 
03 
a 
O 
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TYPES 0P-227E, 0P-227F, 0P-227G 
LOW-NOISE DUAL OPERATIONAL AMPLIFIERS 


schematic (each half of amplifier) 


vcc+ 


OFFSET N1- 


OFFSET N2- 


vCc-- 


!!i[ 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltages, Vcc (see Note 1) 
± 22 V 
Differential input current (see Note 2) 
±25 mA 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 3): 
J package 
1025 mW 
N package 
875 mW 
Operating free-air temperature range 
-25°C to 85 °C 
Storage temperature range 
-65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package 
300°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N package 
260°C 


NOTES: 1. All voliage values, excopt differential input voltage, are with respect to the midpoint between Vcc* and VCC-- 
2. 
Because of the back-to-back diodes protecting the differential inputs, input current can become excessive if differential input voltage reaches 
approximately 0.7 volts. 
3. 
Foroperation above 25 °C freo-eirtemporature. refer to DissipationDeratingCurves. Section 2. In the J package. OP-227 chips are glass mountod. 
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electrical characteristics at specified free-air temperature, Vcc ± 
= ± 15 V (unless otherwise noted) 


PARAMETER 
TEST CONDITIONS' 
OP-227E 
OP-227F 
OP-227G 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


V|Q 
Input offset voltage 
V0 = 0. 
RS = 50 0 
25°C 
20 
80 
40 
120 
60 
180 
>-v 
-25°C to 85°C 
40 
140 
60 
200 
85 
280 


Temperature coefficient 
°VIO 
of input offset voltago 


Rp = 8 kQ to 20 kll (nulled! 
-25°C to85°C 
0.5 
1 
0.4 
1.5 
0.5 
1.8 
nVI"C 
Unnulled 
-25°C to85°C 


Long-torm drift of 


input offset voltage 
See Note 4 
0.2 
1 
0.3 
1.5 
0.4 
2 
iiV/mo 


Offset adjustment rango 
Rp = 10 kfl. 
25°C 
±4 
±4 
±4 
mV 


l|0 
Input offset current 
v0 = 0 
25 °C 
7 
35 
9 
50 
12 
75 
nA 
25°C to 85°C 
10 
50 
14 
85 
20 
135 


IjB 
Input bias current 
v0 " 0 
25°C 
±10 
±40 
1 12 
±55 
±15 
±80 
nA 
-25°C to 85 °C 
±14 
±60 
1 18 
±95 
±25 
±150 


Common-mode input 
VICR 
voltage range 


25°C 
l 11 
±12.3 
±11 
±12.3 
±11 
±12.3 
V 
-25°C to 85°C 
• 1 0 
5 
tlU 
±10.5 
±11.8 
±10.5 
± 11.8 


Maximum output 
V0M 
,. 
voltage swing 


RL > 600 ktl 
25 °C 
±10 
±11.5 
±10 
• 1 1 5 
i 10 
±11.6 


V 
RL 2 2 kfl 
±12 
±13.8 
±12 
±13.8 
• 11.5 
±13.5 


-25°C to85°C 
; 11.7 
±13.6 
±11.4 
•13.5 
• 11 
±13.3 


Large-signal differential 
AVD 
voltage amplification 


Vcc± 
. 
i4V, VQ= ilV, 


RL a 600 0 
25°C 


250 
700 
250 
700 
200 
500 


V/mV 
V0 = ±10 V, 
RL a 1 kl) 
800 
1500 
800 
1500 
1500 


V0 = i 10 V, 
RL 2 2 kO 
1000 
1800 
1000 
1800 
700 
1500 


-25°C to85°C 
750 
1500 
700 
1500 
450 
1000 


r. 
Input resistance 
Differential-mode 
25 °C 
1 
5 
(3 
1.2 
5 
I) 
11 
4 
Mil 


Common-mode 
3 
2.5 
2 
GI) 


Common-mode 
CMRR 
rejection ratio 


V|C = ±11 V 
25°C 
114 
126 
106 
123 
100 
120 
dB 
V|C = ±10 V 
-25°C to85°C 
110 
124 
102 
121 
96 
118 


Supply voltage 
KSVS 
sensitivity IAViq'AVcc) 


•CC 
•_. 
••'• '•' 
:•• 
- •= 
'• 
25°C 
1 
10 
1 
10 
2 
20 
^vrv 
VCc-r 
= ±4-5 V to ±18 V 
-25°C to85°C 
2 
15 
2 
16 
2 
32 


Power dissipation 
PD 
leach amplifier) 
v0 = 0 
25 °C 
90 
140 
90 
140 
90 
140 
mW 


'All characteristics are measured under open-loop conditions with zero common-mode input voltago unless otherwise noted. 
NOTE 4: 
Since long-term drift cannot be measured on the individual devices prior to shipment, this specification is not intended to be a guarantee or warranty. It is an engii 
of the averaged trend line of drift versus timo over extended periods after the first thirty days of operation. 
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TYPES 0P-227E, 0P-227F, 0P-227G 
LOW-NOISE DUAL OPERATIONAL AMPLIFIERS 


operating characteristics, Vcc - 
±15 V, Ta = 25 °C 


PARAMETER 
TEST CONDITIONS 
OP-227E 
OP-227F 
OP-227G 
UNIT 
Mir; 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Bl 
Unity-gain 


bandwidth 
5 
8 
5 
8 
5 
8 
MHz 


SR 
Slew rate at 


unity gain 
1.7 
2.8 
1.7 
2.8 
1.7 
2.8 
Vr>s 


VNPP 


Peak-to-peak 


equivalent input 


noiso voltage 


f • 
0.1 Hz to 10 Hz. 


RS - 
100 11 
0.2 
0.08 
0.2 
0.09 
0.28 
fV 
0.08 


vn 
Equivalent input 
noise voltage 


1 
10 Hz. 
Rs • 100 11 
3.5 
6 
3.5 
6 
3.8 
9 
nVA/Hz 
1 
30 Hz. 
Rs • 
100 11 
3.1 
4.7 
3.1 
4.7 
3.3 
5.9 


f = 1000 Hz. Rs 
= 100 n 
3 
3.9 
3 
3.9 
3.2 
4.6 


In 
Equivalent input 


noise current 


f 
= 
10 Hz 
1.7 
4.5 
1.7 
4.5 
1.7 


pA/vHz 
f 
- 
30 Hz 
1 
2.S 
1 
2.5 
1 


f 
= 
1 kHz 
0.4 
0.7 
0.4 
0.7 
0.4 
0.7 


V01'V02 
Crosstalk 


attenuation 
Av = 100 
126 
154 
126 
154 
126 
154 
dB 
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LINEAR 
INTEGRATED 
CIRCUITS 


TYPE RC4559 
DUAL HIGH-PERFORMANCE OPERATIONAL AMPLIFIER 


Matched Gain and Offset Between Amplifiers 


Unity-Gain Bandwidth ... 3 MHz Min 


Slew Rate ... 1.5 V/ns Min 


Low Equivalent Input Noise Voltage 
... 2 ,xV/v/H! Max (20 Hz to 20 kHz) 


No Frequency Compensation Required 


No Latch Up 


Wide Common-Mode Voltage Range 


Low Power Consumption 


Designed to be Interchangeable with Raytheon 
RC4559 


description 


D2785. OCTOBER 1983 


D OR P DUAL-IN-LINE PACKAGE 


(TOP VIEW) 
'outQi Uspvcc-.- 
< IN- C 2 
7] OUTl 
IN+ C 3 
6 3 IN- 
> AMP #2 
VCC- O 
5 3 IN +J 
{! 


symbol (each amplifier) 


NONINVERTING 


INPUT IN+ 


The RC4559 is a dual high-performance operational amplifier. The high common-mode input voltage and 
the absence of latch-up make this amplifier ideal for low-noise signal applications such as audio preamplifiers 
and signal conditioners. This amplifier features a guaranteed dynamic performance and output drive 
capability that far exceeds that of the general-purpose type amplifiers. 


The RC4559 is characterized for operation from 0°C to 70°C. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage Vcc + 'see Note 1) 
18V 
Supply voltage Vqc - 
(see Note 1) 
-18V 
Differential input voltage (see Note 2) 
±30 V 
Input voltage (any input, see Notes 1 and 3) 
± 15 V 
Duration of output short-circuit to ground, one amplifier at a time (see Note 4) 
unlimited 
Continuous total dissipation 
500 mW 
Operating free-air temperature range 
0°C to 70 °C 
Storage temperature range 
-65°C to 125°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 
260°C 


NOTES: 1. 
Allvoltage values, unless otherwise noted, are with respect to tho zero reference level (ground) of tho supply voltages where tho zero reference 
level is the midpoint between Vqc+ and Vqc_. 
2. 
Differential voltages are at the noninverting input torminal with respect to the inverting input terminal. 
3. The magnitude of tho input voltago must never exceed the magnitude of the supply voltage or 15 volts, whichever is less. 
4. 
Tomperature and/or supply voltages must be limitod to ensure that tho dissipation rating is not oxcooded. 
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TYPE RC4559 
DUAL HIGH-PERFORMANCE OPERATIONAL AMPLIFIER 


electrical characteristics at specified free-air temperature, Vcc + = 15 V, Vcc - 
= - 15 V 


PARAMETER 
TEST CONDITIONS' 
MIN 
TYP 
MAX 
UNIT 


V|0 
Input offset voltage 
v0 = o 
25°C 
2 
6 
mV 
0"C to 70°C 
7.5 


l|0 
Input offset current 
V0 = 0 
25°C 
5 
100 
nA 
0°C to 70 °C 
200 


'IB 
Input bias current 
V0 = 0 
25°C 
•10 
250 
nA 
0°C to 70 °C 
500 
V| 
Input voltage range 
25 °C 
- 12 
±13 
V 


V0M 
Maximum peak 


output voltage swing 


RL a 3 kf! 
25 °C 
±12 
i13 


V 
RL = 600 n 
25°C 
±9.5 
; 10 


RL i 
2 kll 
0°C to 70 °C 
±10 


Avd 
Large-signal differential 


voltage amplification 
V0 = ±10 v. 


RL = 2 kfl 


25°C 
20 
300 
V/mV 
0°C to 70°C 
15 


bom 
Maximum output-swing bandwidth 
Vopp = 20 V. 


RL = 2 kfl 
25 °C 
24 
32 
kHz 


Bl 
Unity-gain bandwidth 
25°C 
3 
4 
MHz 


r; 
Input resistance 
25°C 
0.3 
1 
Mil 


CMRR 
Common-mode rejection ratio 
v0 = o 
25°C 
80 
100 
dB 


kSVS 
Supply voltage sensitivity 
IAV|0MVCC) 
v0 = 0 
25 °C 
10 
75 
nv/v 


Vn 
Equivalent input noise voltage 


Iclosed-loop) 


Avd = loo, 
RS = 1 kO, 


f 
= 20 Hz to 20 kHz 


25 °C 
1.4 
2 
hv 


In 
Equivalent input noise current 
f 
= 20 Hz to 20 kHz 
25°C 
25 
PA 


ice 
Supply current 


(both amplifiers) 


No load. 


No signal 


25°C 
3.3 
5.6 


mA 
0°C 
4 
6.6 


70 °C 
3 
5 


V0i/V02 Crosstalk attenuation 
AVD = 100. 


RS = 1 kfl. 


f 
= 
10 kHz 


25°C 
90 
dB 
25°C 
90 


'All characteristics are specified under open-loop operation, unless otherwise noted. 


matching characteristics at Vcc + = 15 V, Vcc - 
= - 15 V. Ta == 25° C 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 
V|q 
Input offset voltage 
V0 = o 
20.2 
mV 
l|0 
Input offset current 
v0 = 0 
:7.5 
nA 
l|Fj 
Input bias current 
Vo = o 
±15 
nA 
Large-signal differential 
Ayn 
voltage amplification 
V0 = ±10 V. 
RL = 2k0 
±1 
dB 


operating characteristics, Vcc+ 
= 15 V, VcC- 
= -15 V, Ta = 25°C 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


<r 
Rise time 
V| = 20 mV. 


CL = 100 pF 
RL = 2 kil. 
80 
<*s 


Overshoot 
18% 


SR 
Slew rate at unity gain 
V| 
= 10 V, 


CL = 100 pF 
RL = 2 kfl. 
1.5 
2 
V/>s 
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LINEAR 
INTEGRATED 
CIRCUITS 


TYPES RM4136, RV4136, RC4136 
QUAD HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 


• 
Continuous-Short-Circuit Protection 


• 
Wide Common-Mode and Differential Voltage 
Ranges 


• 
No Frequency Compensation Required 


• 
Low Power Consumption 


• 
No Latch-Up 


• 
Unity Gain Bandwidth 3 MHz Typical 


• 
Gain and Phase Match Between Amplifiers 


• 
Designed to be Interchangeable with Raytheon 
RM4136, RV4136, and RC4136 


• 
Low Noise ... 8 nV/VRz Typ at 1 kHz 


description 


TheRM4136, RV4136, and RC4136 are quad high- 
performance operational amplifiers with each amplifier 
electrically similar to uA741 except that offset null 
capability is not provided. 


The high common-mode input voltage range and the 
absence of latch-up make these amplifiers ideal for 
voltage-follower applications. The devices are short- 
circuit 
protected 
and 
the 
internal 
frequency 
compensation ensures 
stability 
without 
external 
components. 


The RM4136 is characterized for operation over the 
full military temperature range of - 55 °C to 125 °C, 
the 
RV4136 
is characterized for operation from 
-40°C to 85 °C, and the RC4136 is characterized 
for operation from 0°C to 70 °C. 


symbol (each amplifier) 


NONINVERTING 
INPUT IN+ 


INVERTING 


INPUT IN- =E>- 


D2142, MARCH 1976-REVISED SEPTEMBER 1983 


AMPL 


#1 


D. J. OR N DUAL-IN-LINE 


OR W FLAT PACKAGE 


(TOP VIEW) 
IN- Ql U*14p |N- 
13 3 IN+ 
12 3 OUT 
1' 3 vcc 
103 OUT 
9 3 IN + 
8 3 IN- 


AMPL 
#4 


AMPL 
#3 


RM4136 


FH OR FK CHIP CARRIER PACKAGE 


(TOP VIEW) 


+ 
I 
I 
+ 
Z 
Z 
2 
Z 


*- 
«- 
o 
i- 
<* 
* 
=«= 
z 
* 
* 


/ 
3 
2 
1 20 19 \ 


#1 OUT ]« 
isq #4 OUT 


NC J5 
17L NC 
#2 OUT ]6 
16[ VCC + 
NC J7 
15[ NC 


#2 IN + 
J8 
14[ 
It3 OUT 
\ 
9 
r-1 
10 11 
i—ii—i 
12 13 
r—ii—i / 


y 
i 
+ 


o 
> 


NC-No Internal connection 


1— 
.2 
!«; 
"q. 
E 
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TYPES RM4136, RV4136, RC4136 
QUAD HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 


schematic (each amplifier) 


vCc+ 


NONINVERTING 


INPUT IN+ 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


RM4136 
RV4136 
RC4136 
UNIT 
Supply voltage Vrjc+ (see Note 1) 
22 
18 
18 
V 
Supply voltage Vcc - 
<see Note 1) 
-22 
-18 
-18 
V 


Differential input voltage (see Note 2) 
±30 
±30 
±30 
V 


Input voltage (any input, see Notes 1 and 31 
±15 
±15 
±15 
V 


Duration of output short-circuit to ground, one amplifier at a time (see Note 4) 
unlimited 
unlimited 
unlimited 
Continuous total dissipation at (or below) 25 'C free-air temperature (see Note 5) 
800 
800 
800 
mW 


Operating free-air temperature range 
-55 to 125 
-40 to 85 
0 to 70 
"C 
Storage temperature range 
-65 to 150 
-65 to 150 
-65 to 150 
°C 


Lead temperature 1,6 mm (1/16 inch) 


from case for 60 seconds 
FH, FK, J, or W package 
300 
300 
300 


°c 
Lead temperature 1,6 mm (1/16 inch) 


from case for 10 seconds 
D or N package 
260 
260 


NOTES: 1. Allvoltage values, unless otherwise noted, are with respect to the midpoint between Vr;c + ar,d VCC-- 
2. 
Differential voltages are at tho noninverting input terminal with respect to tho inverting input torminel. 
3. 
The magnitudo of the input voltage must never exceed the mognltude of tho supply voltage or 15 volts, whichevor is less. 


4. 
Temperature and/or supply voltages must be limited to ensuro that the dissipation rating is not exceeded. 
5. 
For operation above 25°C free-air temperature, refer to Dissipation Derating Curves. Section 2. In the J package, RM4136 chips are alloy-mounted: 
RV4136 and RC4136 chips are glass-mounted. 
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TYPES RM4136, RV4136, RC4136 
QUAD HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-air temperature. Vcc + 
= 15 V, VCC- •= -15 V 


PARAMETER 
TEST CONDITIONS' 
RM4136 
RV4138 
RC4136 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


VlO 
Input offset voltege 
V0 - 
0 
25 
C 
0.5 
4 
0.5 
6 
0.5 
6 
mV 
Full range 
6 
7.5 
7.5 


'10 
Input offsot current 
v0 - 0 
25 °C 
5 
150 
5 
200 
5 
200 
nA 
Full range 
500 
500 
300 


>IB 
Input bias current 
v0 = 0 
25°C 
140 
400 
140 
500 
140 
500 
nA 
Full range 
IbCO 
1500 
800 


V| 
Input voltago range 
25 
C 
±12 
±14 
±12 
±14 
±12 
l14 
V 


VOM 


Maximum 


peek 


output voltege 


swing 


RL - 10 kQ 
258C 
±12 
±14 
±12 
±14 
±12 
±14 


V 
RL = 2 kO 
25 °C 
±10 
±13 
±10 
±13 
±10 
±13 


RL 2: 2 kQ 
Full range 
±10 
±10 
±10 


aVd 


Large-signal 


differential voltage 


amplification 


Vq - 
±10 V. 


RL a 2 kQ 


25°C 
50 
350 
20 
300 
20 
300 
VrmV 
Full range 
25 
15 
15 


Bl 
Unity-gain 


bandwidth 
25 °C 
3.5 
3 
3 
MHz 


'• 
Input resistance 
25°C 
0.3 
5 
0.3 
5 
0.3 
5 
MO 


CMRR 
Common-modo 


rejection retio 
v0 = 0. 


RS 
«• 50 Q 
26°C 
70 
90 
70 
90 
70 
90 
dB 


ksvs 


Supply voltage 


sensitivity 


IAV|0/AVCC) 


Vcc = ±9 V to 


±15 V, 


v0 - 0 


25"C 
30 
150 
30 
150 
30 
150 
mVA/ 


vn 


Equivalent input 


noise voltago 


(closed-loopl 


aVd = 100" 


BW - 
1 Hz, 


f 
- 
1 kHz, 


RS = 100 Q 


25°C 
8 
8 
8 
nVv/HT 


ice 
Supply curront 


(All four amplifiers) 
v0 = 0, 


No load 


25 "C 
5 
11.3 
5 
11.3 
5 
11.3 


mA 
MIN TA 
6 
13.3 
6 
13.7 
6 
13.7 


MAXTA 
4.5 
10 
4.5 
10 
4.5 
10 


PD 


Total powor 


dissipation 


(All four amplifiers) 


v0 - 0. 


No load 


25°C 
150 
340 
150 
340 
150 
340 


mW 
MIN TA 
180 
400 
180 
400 
180 
400 


MAX TA 
135 
300 
135 
300 
135 
300 


VOIA/02 
Crosstalk 


attenuation 


Avd = 10°- 


f 
= 
10 kHz 


RS = 1 kQ 


25 °C 
105 
105 
105 
dB 


'All characteristics are moasurod under open-loop conditions with zero common-mode Input voltage unless otherwise specifiod. Full range is - 55 °C to 125 "C 


for RM4136. -40°C to 85°C for RV4136, and 0°C to 70°C for RC4136. 


operating characteristics, Vcc + 
= 15 V, Vcc- 
= -15 V, Ta = 25°C 


PARAMETER 
TEST CONDITIONS 
RM4136 
RV4136. RC4136 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


<r 
Rise Time 
V| * 20 mV. 
RL = 2 kQ. 


CL = 100 pF 


0.13 
0.13 
ns 
Overshoot factor 
5% 
5% 


SR 
Slaw rato at unity gain 
V| = 10 V, 
RL = 2 kO. 


CL • 
100 pF 
1.7 
1.7 
V/>s 
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Operational Amplifiers 


LINEAR 
INTEGRATED 
CIRCUITS 


TYPES RM4558, RV4558, RC4558 
DUAL HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 


Continuous-Short-Circuit Protection 


Wide Common-Mode and Differential 
Voltage Ranges 


No Frequency Compensation Required 


Low Power Consumption 


• 
No Latch-up 


• 
Unity Gain Bandwidth 3 MHz Typical 


• 
Gain and Phase Match Between Amplifiers 


• 
Low Noise ... 8 nV/yHz" Typ at 1 kHz 


• 
Designed to be Interchangeable with 
Raytheon RM4558, RV4558, and RC4558 


description 


The RM4558, RV4558, and RC4558 are dual general-purpose operational amplifiers with each half 
electrically similar to uA741 except that offset null capability is not provided. 


The high common-mode input voltage range and the absence of latch-up make these amplifiers ideal for 
voltage-follower applications. The devices are short-circuit protected and the 
internal 
frequency 
compensation ensures stability without external components. 


The RM4558 is characterized for operation over the full military temperature range of - 55 °C to 125 °C; 
the RV4558 is characterized for operation from -40°C to 85°C; and the RC4558 is characterized for 
operation from 0°C to 70 °C. 


schematic (each amplifier) 


Vcc+ O 


INVERTING 


INPUT IN- 


NONINVERTING 


INPUT I 


VCC- O 


D2141. MARCH 1976-REVISED FEBRUARY 1984 


D. JG, OR P DUAL-IN-LINE PACKAGE 


(TOP VIEW) 


AMPL 


H 
1PL f 
1 X 


OUT Qi U eQvcc 
IN- C 2 
7] OUT 


IN + C 3 
6 3 IN - 
vcc- C« 
s 3 IN + 


+ 
} 


AMPL 


H2 


O 
OUTPUT 


CO 
.2 


"5. 
E 
< 


"ro 
c 
o 
"•S3 
CO 
fc- 
03 
Q. 
o 
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TYPES RM4558, RV4558, RC4558 
DUAL HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


RM4558 
RV4558 
RC4558 
UNIT 
Supply voltago Vrjc + (see Note 1) 
22 
18 
18 
V 
Supply voltage Vcc- (see Note 1) 
-22 
18 
-18 
V 
Differential input voltage Isee Note 2) 
= 30 
±30 
= 30 
V 
Input voltage (any input, see Notes 1 and 31 
= 15 
= 15 
= 15 
V 
Duration of output short-circuit to ground, one amplifier at a time (see Note 4) 
unlimited 
unlimited 
unlimited 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 51 
680 
680 
680 
mW 
Operating free-air temperature range 
-55 to 125 
-40 to 85 
0 to 70 
°C 
Storage temperature range 
-65 to 150 
-65 to 150 
-65 to 150 
°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds 
JG package 
300 
300 
300 
°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 
D or P package 
260 
260 
°C 


NOTES: 1. All voltage values, unless otherwise noted, ere with respect tothe midpoint between Vcc+ and Vcc-- 
2. Differential voltagesere at the noninverting inputterminal with respect to the inverting inputterminal. 
3. Tho magnitude of the Input voltage mustnever exceed the magnitude of thesupply voltage or 15 volts, whichever is less. 
4. Temperature end/orsupplyvoltagesmust be limited to ensurethat the dissipation rating is not exceeded. 
5. For operation above 25°Cfree-air temperature, rofor to Dissipation Dorating Curves. Section 2. IntheJGpackeges, RM4558 chips arealloy 
mounted; RV4558 end RC4558 chips are glass mounted. 
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electrical characteristics at specified free-air temperature, Vcc + 
= 
15 V, ccc-- 
= 
-15 V 


PARAMETER 
TEST CONDITIONS' 
RM4558 
RV4558 
RC4558 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


V|0 
Input offset voltage 
V0 = 0 
25 °C 
0.5 
5 
0.5 
6 
0.5 
6 
mV 
Full range 
6 
7.5 
7.5 


'10 
Input offset current 
V0 = 0 
25°C 
5 
200 
5 
200 
5 
200 
nA 
Full range 
500 
500 
300 


'IB 
Input bias current 
v0 = 0 
25°C 
140 
500 
140 
500 
150 
500 
nA 
Full range 
1500 
1500 
800 


VlCR 
Common-mode 


input voltage range 
25 °C 
±12 
±14 
±12 
±14 
±12 
±14 
V 


V0M 
Maximum output 


voltago swing 


RL 
10 kfl 
25 °C 
±12 
±14 
±12 
±14 
±12 
±14 


V 
RL 
2 kl! 
25°C 
±10 
±13 
±10 
±13 
±10 
*13 


RL a 
2 kfl 
Full range 
• 10 
±10 
±10 


AVD 
Large-signal differential 


voltage amplification 
Rl a 
2 kil, 
V0 = tlOV 


25 °C 
BO 
350 
20 
300 
20 
300 
V/mV 
Full range 
25 
15 
15 


Bl 
U.'iiv, gain bandwidth 
25°C 
2 
3.5 
3 
3 
MHz 


rj 
Input resistance 
25°C 
0.3 
5 
0.3 
5 
0.3 
5 
Mfl 


CMRR 
Common-mode rejection ratio 
25°C 
70 
90 
70 
90 
70 
90 
dB 


ksvs 
Supply voltage sensitivity 
UV|0/.WCC| 
Vcc = ±15 V 
to ±9 V 
25 °C 
30 
150 
30 
150 
30 
150 
^V/V 


vn 


Equivalent input 


noise voltage 


(closed-loop) 


avd • 
10°- 
Rs = 100 fi. 


f 
= 
1 kHz, 


BW 
= 
1 Hz 


25 °C 
8 
8 
8 
nVI-JHz 


'cc 
Supply current 


(Both amplifiers) 


No load, 
V0 = 0 


25°C 
2.5 
5.6 
2.5 
5.6 
2.5 
5.6 


mA 
MIN TA 
3 
6.6 
3 
6.6 
3 
6.6 


MAX Ta 
2 
5 
2.3 
5 
2.3 
5 


PD 
Total power dissipation 


(Both amplifiers) 


No load, 
v0 = 0 


25°C 
75 
170 
75 
170 
75 
170 


mW 
MIN TA 
90 
200 
90 
200 
90 
200 


MAX TA 
60 
150 
70 
150 
70 
150 


V01/V02 
Crosstalk 
| Open loop 
RS = 1 kll. 


f 
= 
10 kHz 


25°C 
85 
85 
85 
dB 
attenuation 
1Avd = 100 
25°C 
105 
105 
105 


' Allcharacteristics are measured under open-loop con ditions with zoro comm on-mode input voltag e unless othcrwis 
specified. Full range is -55°C to 125°C fo 
RM4558 
-40°Cto85°C 


for RV4558. and 0°C to 70"C for RC4558. 


Operational Amplifiers 
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TYPES RM4558, RV4558, RC4558 
DUAL HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 


operating characteristics, Vcc+ = 15 V, VcC- = -15 V, Ta = 25°C 


PARAMETER 
TEST CONDITIONS 
RM4558 
RV4558 
RC4558 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
tr 
Rise time 
V| 


cL 


= 20 mV, 
RL = 2 kfl, 


• 
100 pF 
0.13 
0.13 
0.13 
ns 
Overshoot 
5% 
5% 
5% 
Slew rate at 
SR 
unity gain 
V| 


cL 


= 10 V, 
RL = 2 kfl, 


= 100 pF 
1.3 
1.7 
1.3 
1.7 
1.3 
1.7 
V/Ms 
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LINEAR 
INTEGRATED 
CIRCUITS 


Equivalent Input Noise Voltage 
3.5 nV/VHz Typ 


Unity-Gain Bandwidth 
10 MHz Typ 


Common-Mode Rejection Ratio 
100 dB Typ 


High DC Voltage Gain 
100 V/mV Typ 


Peak-to-Peak Output Voltage Swing 
32 V Typ with Vcc± = ±18 V and 
RL = 600 n 


High Slew Rate 
13 Wins Typ 


Wide Supply Voltage Range 
±3 V to ±20 V 


Low Harmonic Distortion 


Designed to be Interchangeable with Signetics 
SE5534, SE5534A, NE5534, and NE5534A 


symbol 


COMP 


COMP/BALANCE 


BALANCE 


OUTPUT 


TYPES SE5534, SE5534A, NE5534, NE5534A 
LOW-NOISE OPERATIONAL AMPLIFIERS 


D2532, JULY 1979-REVISED AUGUST 1983 


SE5534. SE5534A . . .JG 


NE5534, NE5534A . . .JG or P 


DUAL-IN-LINE PACKAGE 


(TOP VIEW) 


BALANCE ni ^SD COMP/BAL 
IN- C2 
' DVCC+ 
IN+ £3 
6 3 OUT 
VqC- L A 
B 3 COMP 


SE5534. SE5534A 


U FLAT PACKAGE 


(TOP VIEW) 
h 
NC 
NC C«1 
BALANCE £ 2 
IN- £3 
IN+ Q4 
VCC- C5 


] COMP/BAL 
3 vcc + 
3 OUT 
3 COMP 


SE5534. SE5534A 


FH OR FK CHIP CARRIER PACKAGE 


(TOP VIEW) 


m 


u <o o 
u 
z 
m 
z 
o 
z 


1 
11 
11 
11 
11—1' 
3 
2 
1 20 19 
18 [ 
17[ 
16[ 


NC 


VCC + 
NC 


NC ]4 
IN- ]5 


NC |e 


IN + 1? 
NC ]8 
15[ 
OUT 
14[ NC 


9 
10 11 12 13 


u 
1 u 
z 
2 
o 
0 
O 
> 


NC-No internal connection 


description 


The SE5534, SE5534A, NE5534, and NE5534A are monolithic high-performance operationalamplifiers combining 
excellent dc and ac characteristics. Some of the features include very low noise, high output drive capability, high 
unity-gain and maximum-output-swing bandwidths, low distortion, and high slew rate. 


Theseoperational amplifiers are internally compensated fora gainequal to or greaterthan three. Optimization ofthe 
frequency response forvarious applications can beobtained byuse of an external compensation capacitor between 
COMP and COMP/BAL. The devices feature input-protectiondiodes, output short-circuit protection, and offset-voltage 


nulling capability. 


The SE5534A and NE5534A have guaranteed maximums on equivalent input noise voltage. 


The SE5534 and SE5534A are characterized for operationoverthe fullmilitary temperature range of - 55 °Cto 125 °C; 
the NE5534 and NE5534A are characterized for operation from 0°C to 70°C. 


Copyright ® 1983 by Texas Instruments Incorporated 
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TYPES SE5534, SE5534A. NE5534, NE5534A 
LOW-NOISE OPERATIONAL AMPLIFIERS 


schematic 


BALANCE 


NONINVERTING 


INPUT IN+ 


COMPENSATION/BALANCE 
COMPENSATION 


^°vCc- 


All component values shown are nominal. 
absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supplyvoltage, Vcc + (see Note 1) 
22 V 
Supply voltage. Vcc - (see Note 1) 
- 22 V 
Input voltage either input (see Notes 1 and 2) 
Vcc+ 
Input current (see Note 3) 
± 10 mA 
Duration of output short-circuit (see Note 4) 
unlimited 
Continuous total power dissipation at (or below) 25 °C free-air temperature (see Note 5) 
FH package (see Note 6) 
-\ 200 mW 
FK package (see Note 6) 
1375 mw 
SE5534, SE5534A in JG package 
1050 mW 
NE5534, NE5534A in JG package 
825 mW 
P package 
725 mW 
U package 
675 mW 
Operating free-air temperature range: SE5534, SE5534A 
-55°C to 125°C 
NE5534, NE5534A 
0°C to 70°C 
Storage temperature range 
- 65 °C to 150 °C 
Lead temperature 1,6 mm (1/16 inch) from case for60 seconds: FH, FK, JG, or Upackage- 
300°C 
Leadtemperature 1,6 mm (1/16 inch) from case for 10 seconds: P package 
260 °C 


NOTES: I. All voltage values, except differential voltages, are with respect tothe midpoint between Vcc^ and Vqq_. 
2. Thomagnitude of the inputvoltage must neverexceed the magnitude of the supply voltago. 
3. Excossivo curront will flow ifa differential input voltage inexcessofapproximately 0.6 Vis applied between thoinputs unit 
resistance is used. 
4. Theoutput may be shortedto groundoreitherpowersupply.Temperature and/orsupplyvoltagesmust be limited to ensurethomai 
rating is not exceeded. 
5. Foroperation above25°C free-air temperature, referto the Dissipation Derating Curves. Section2. Inthe JG package.SE5534and SE5534A 
chips are alloymountod: NE5534 and NE5534A chips are glass-mounted. 
6. ForFHand FKpackages, power ratingand derating factor willvary with actual mountingtechnique used. Tho valuos stated horo ore believed 


to bo conservative. 


ime limiting 


1dissipation 
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TYPES SE5534.SE5534A, NE5534, NE5534A 
LOW-NOISE OPERATIONAL AMPLIFIERS 


electricel cherecteristics, Vcc± = ± 16 V Ta = 25 °C (unless otherwise noted) 


PARAMETER 
TEST CONDITIONS' 
SE5534, SE5534A 
NE5534. NE5534A 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


V|0 
Input offset voltage 
V0 = o, 


RS = 50 n 
TA = 25 °C 
0.5 
2 
0.5 
4 
mV 
T/\ = full range 
3 
5 


'to 
Input offsot current 
v0 = o 
TA = 25°C 
10 
200 
20 
300 
nA 
TA = full range 
500 
400 


'IB 
Input bias current 
v0 = o 
TA = 25°C 
400 
800 
500 
1500 
nA 
TA = full range 
1500 
2000 


V|CR 
Common-mode 


input voltage range 
±12 
±13 
±12 
±13 
V 


VOPP 
Maximum peak-to-peak 


output voltage swing 
Rl a 600 o 
VCC± = ±15V 
24 
26 
24 
26 
V 
VCC± = ±18V 
30 
32 
30 
32 


Avd 
Large-signal differential 
voltago amplification 
V0 = ±10 V, 


RL 2: 600 0 


TA = 25°C 
50 
100 
25 
100 
V/mV 
Ta = full range 
25 
15 


AVC| 
Small-signal differential 
voltage amplification 
f 
= 10 kHz 
CC = o 
6 
6 
V/mV 
Cc = 22 pF 
2.2 
2.2 


bom 
Maximum-output-swing 


bandwidth 


Vo = ±10 V. 
Cc = 0 
200 
200 


kHz 
V0 = ±10 V, 
CC = 22 pF 
95 
95 


VCC± = ±18 V.V0 = *1*V. 
RL = 600 0. 
Cc = 22 pF 
70 
70 


Bt 
Unity-gain bandwidth 
Cc - 22 pF. 
CL = 100 pF 
10 
10 
MHz 


n 
Input resistance 
50 
100 
30 
100 
kfl 


*0 
Output impedance 
Avd = 30 dB> 
rl • 600 n, 
Cc = 22 pF, 
f = 10 kHz 
0.3 
0.3 
n 


CMRR 
Common-mode 


rejection ratio 
Vq = 0, 
V|c • V|CR min. 
RS = 50 a 
80 
100 
70 
100 
dB 


kSVR 


Supply voltage 
rejection ratio 
(AVcc/AV|Ol 


VCC± = ±9 Vto ±15 V, 
Vo = 0. 
RS = 50 n 
86 
100 
80 
100 
dB 


los 
Output short-circuit 


current 
38 
38 
mA 


ice 
Supply current 
No load, 
v0 = o 
TA = 25°C 
4 
6.5 
4 
8 
mA 
Ta • full range 
9 


'All characteristics are measured under open-loop conditions with rero common-mode 
to 125°C for SE5534 and SE5534A and 0°C to 70°C for NE5534 and NE5534A. 
operating characteristics, Vcc± = ±15 V, Ta = 25 °C 


tiputvoltagounlossothorwise specified. Fullrange forT/^ = -55"C 


PARAMETER 
TEST CONDITIONS 
SE5534. NE5534 
SE5534A. NE5534A 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Slow rate at 
SR 
unity gam 
cc = o 
13 
13 
V/^s 
CC = 22 pF 
6 
6 


tr 
Rise time 
V| = 50 mV. 
Avd = 1• 
RL = 600 (J, 
Cc = 22 pF. 
CL = 100 pF 


20 
20 
ns 


Overshoot factor 
20% 
20% 


tr 
Rise time 
V| - 
50 mV. 
Avd " 1• 
RL = 600 l), 
CC = 47 pF, 


CL = 500 pF 


50 
50 
ns 


overshoot factor 
35% 
35% 


Equivalent Input 
n 
noise voltage 


f 
= 
30 Hz 
7 
5.5 
7 
nV/vT-iz" 


f 
= 
1 kHz 
4 
3.5 
4.5 


Equivalent input 
'n 
• 
noise curront 


f 
= 30 Hz 
2.5 
1.5 
pA/V^Hl 


f 
= 
1 kHz 
0.6 
0.4 


F 
Average noise figure 
RS = 5 kfl, 
f = 10 Hz to 20 kHz 
0.9 
dB 
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TYPES SE5534, SE5534A, NE5534, NE5534A 
LOW-NOISE OPERATIONAL AMPLIFIERS 


a 
Iv 
g 


1 


NORMALIZED INPUT BIAS CURRENT 
•nd INPUT OFFSET CURRENT 


FREE-AIR TEMPERATURE 


> 
s 
Vo 
15 V 


*<ftk 
^ 5"*v 
V 


'"J 


-75 -60 
-26 
0 
25 
50 
75 
100 
125 
TA-Fr««-AJr T»mp*niurt-*C 


NORMAUZED SLEW RATE ind 


UNITY-GAIN BANOWIDTH 


SUPPLY VOLTAGE 


IVCC! I-Supply Volln.-V 


FIGURE 4 


EQUIVALENT INPUT NOISE VOLTAGE 


FREQUENCY 


TYPICAL CHARACTERISTiCSt 


MAXIMUM PEAK-TO PEAK OUTPUT VOLTAGE 


_ 
FREQUENCY 


V,;C---lbV 
TA-2B'C 
cc 
llllli- 
- 22PF, 


V 
\\ \cc'c 


" ' cc•47pp\\ 


10 k 
100 k 
| M 


f-Fr*qutncY-Hr 


NORMALIZED SLEW RATE in) 
UNITY-GAIN BANDWIDTH 


FREE-AIR TEMPERATURE 


-75 -50 
-25 
0 
25 
SO 
75 
100 
I2S 
TA-Fm-Air Timptrtture-°C 


FIGURE 5 


EQUIVALENT INPUT NOISE CURRENT 


FREQUENCY 


LARGE-SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 


ioa 


ios 


10* 


«>3 


I03 


10 


FREQUENCY 


vccs-'tsv 
Ta • 25'C 


\A 
\^ 


10 
100 
Ik 
10k 
100k 
IN 
10M 
100 M 


t-FrtqtMna-Hl 


FIGURE 3 


TOTAL HARMONIC DISTORTION 


FREQUENCY 


a 
— 


. . . . . 


' 
" 
1 


Avo-1 
Vlltmil - 2 


11 
! 
• 1 


0007 
1 
/ 
" 
/ 
/ 


V 


0.002 


0.001 


y \ 
100 
400 
1 k 
4k 
10k 


uncy-Hl 


FIGURE 6 


TOTAL EQUIVALENT INPUT NOISE VOLTAGE 


SOURCE RESISTANCE 


10k 
100k 


RS-Sourca RMlmna-Jl 


FIGURE 9 


'Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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LINEAR 
INTEGRATED 
CIRCUITS 


Very Low Power Consumption 


Power Dissipation with ±2-V 
Supplies ... 170 /iW Typ 


Low Input Bias and Offset Currents 


Output Short-Circuit Protection 


Low Input Offset Voltage 


Internal Frequency Compensation 


Latch-Up-Free Operation 


Popular Dual Op-Amp Pin-Out 


description 


The TL022 is a dual low-power operational amplifier 
designed to replace higher power devices in many 
applications without sacrificing system performance. 
High input impedance, low supply currents, and low 
equivalent input noise voltage over a wide range of 
operating supply voltages result in an extremely 
versatile operational amplifier for use in a variety of 
analog applications including battery-operated circuits. 
Internal frequency compensation, absence of latch- 
up, high slew rate, and output short-circuit protection 
assure ease of use. 


The TL022M is characterized for operation over the 
full military temperature range of - 55 °C to 125 °C; 
the TL022C is characterized for operation from 0°C 
to 70 °C. 


TYPES TL022M, TL022C 
DUAL LOW-POWER OPERATIONAL AMPLIFIERS 


D1661, SEPTEMBER 1973-REVISED AUGUST 1983 


TL022M . . . U FLAT PACKAGE 


(TOP VIEW) 
NC[J«i 
loT] NC 
2 
9 3 VCC + 
AMP 


§:{ 


OUTQ 
IN- Q 
IN+ Q4 
VCC-C& 


8 3 OUT 
7 3 IN- 
6 3 IN"} 


TL022C . . . JG OR P 


DUAL-INLINE PACKAGE 


(TOP VIEW) 
TUTg VCC.+ 
2 
7 3 OUT 
3 
6 3 IN- 
5 3 IN + 


{OUT[1 


IN+C3 
VCC- C 4 
} 


NC —No internal connection 


symbol (each amplifier) 


NONINVERTING 


INPUT IN+ 


AMP 
#2 


AMP 
#2 


OUTPUT 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


TL022M 
TL022C 
UNIT 


Supply voltage Vfjc . (set: Note 1) 
22 
18 
V 


Supply voltage Vcc- (see Note 1) 
-22 
-18 
v 


Differential input voltage Isee Note 2) 
±30 
±30 
V 


Input voltage (any input, see Notes 1 and 3) 
±15 
±15 
V 


Duration of output short-circuit (see Note 4) 
unlimited 
unlimited 


Continuous total dissipation at (or below) 25°C 


free-air temperature range (see Note 5) 


Each amplifier 
500 
500 


mW 
Total package 
JG or P package 
680 
680 


U package 
675 
675 


Operating free-air temperature range 
-55 to 125 
0 to 70 
°C 


Storage temperature range 
-65 to 150 
-65 to 150 
°C 


Lead temperature 1.6 mm (1/16 inch) from case for 60 seconds 
JG or U package 
300 
300 
°c 


Lead temperature 1.6 mm (1/16 inch) from case for 10 seconds 
P package 
260 
°c 


NOTES: 1. All voltage values, unless otherwlso noted, are with rospoct to the midpoint botwoen Vqq+ and Vqc-- 
2. Differential voltages are at the noninverting Input terminal with respect to the inverting input terminal. 
3. Tho magnitudo ol tho input voltago must never exceed the magnitude of tho supply voltage or 15 volts, whichever is less. 
4. The output may be shortod to groundoreither powersupply.Fortho TL022M only, the unlimitod durationof the short-circuitappliesat lorbolow) 


125°C case tomperaturo or 75 °C free-air temperature. 
5. Foroperation above 25 °C free-airtemperature, refer to Dissipation DeratingCurvosin Section 2. Inthe JG package. TL022Mchips aro alloy- 
mounted; TI022C chips are glass-mounted. 
» 
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TYPES TL022M, TL022C 
DUAL LOW-POWER OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-air temperature, Vcc+ = 15 V, Vcc- = -15 V 


PARAMETER 
TEST CONDITIONS' 
TL022M 
TL022C 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


VlO 
Input offset voltage 
v0 = o. 
RS = 50 Q 


25°C 
1 
5 
1 
5 
mV 
Full range 
6 
7.5 


ho 
Input offset current 
v0 = 0 
25°C 
5 
40 
15 
80 
nA 
Full range 
100 
200 


'IB 
Input bias current 
V0 = 0 
25°C 
50 
100 
100 
250 
nA 
Full range 
250 
400 


VlCR 
Common-mode 


input voltage range 
25°C 
±12 
±13 
±12 
±13 
V 
Full range 
±12 
±12 


vOPP 
Maximum peak-to-peak 


output voltage swing 
RL = 10 kil 
25 °C 
20 
26 
20 
26 
V 
RL 2: 10 kil 
Full range 
20 
20 


Avd 
Large-signal differential 


voltage amplication 
Rl a 10 kf). 
Vo = ±10 V 


25°C 
72 
86 
60 
80 
dB 
Full range 
72 
60 
Bl 
Unity-gain bandwidth 
25°C 
0.5 
0.5 
MHz 


CMRR 


kSVS 


Common-modo 


rejection ratio 
VIC = VICR min. 
RS = 50 n 
25 °C 
60 
72 
60 
72 
dB 
Full range 
60 
60 
Supply voltage sensitivity 


(AV|o/AVccl 


VCc = ±9 V to ±15 V, 
Rs = 50 n 


25 °C 
30 
150 
30 
200 
/•V/V 
Full range 
150 
200 


vn 
Equivalent input 


noise voltage 


Avd = 20 dB, 


B = 
1 Hz, 


f 
= 
1 kHz 


25 °C 
50 
50 
nV/,/~HI 


los 
Short-circuit output current 
25°C 
±6 
±6 
mA 


ice 
Supply current 


(both amplifiers) 


No load, 
v0 = o 
25°C 
130 
200 
130 
250 
pA 
Full range 
200 
250 


PD 
Total dissipation 


(both amplifiers) 


No load, 
v0 = o 


25°C 
3.9 
6 
3.9 
7.5 
mW 
Full range 
6 
7.5 


'All characteristics are moasured under open-loopconditionswith 
-55°C to 125°C and for TL022C Is 0°C to 70°C. 
zero common-mode input voltage unless otherwise specified. Fullrange for TL022M is 


operating characteristics, Vcc + = 15 V, Vcc- = -15 V, Ta = 25°C 


PARAMETER 
TEST CONDITIONS 
TL022M 
TL022C 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
tr 
Rise time 
V| = 20 mV, 
RL = 10 kfl, 
Cl = 100 pF, 
See Figure 1 
0.3 
0.3 
Overshoot factor 
5% 
5% 


SR 
Slew rate at unity gBin 
V| = 10 V, 
RL = 10 kQ. 
Cl = 100 pF. 
See Figure 1 
0.5 
0.5 
V/^s 
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PARAMETER MEASUREMENT INFORMATION 


Vl 


ov 
Y 


INPUT VOLTAGE 
WAVEFORM 
Cl 


TEST CIRCUIT 


FIGURE 1-RISE TIME, OVERSHOOT FACTOR, 
AND SLEW RATE 


schematic 


NONINVERTING 


INPUT IN+ 


TYPES TL022M, TL022C 
DUAL LOW-POWER OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 


TOTAL POWER DISSIPATED 


vs 
SUPPLY VOLTAGE 


1I 
. No load 
No signal 
. Ta = ?5°C 


/ 
y 


f 
/ 
// 
/ 
/ 


' 


1 


0.7 


0.4 


0.2 


0.1 


0 
2 
4 
6 
8 
10 
12 
14 
16 
18 
20 


lVcc±l-SuPP'v Voltage-V 


FIGURE 2 


TO OTHER SECTION 


vcc* 


L TOOTHER 
* [AMPLIFIER 


vcc- 


V) 
•— 
Q) 
|^ 
"5. 
E 
< 


"ro 
c 
o 
'& 
(0 
l_ 
0) 
CL 
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Operational Amplifiers 


LINEAR 
INTEGRATED 
CIRCUITS 


• 
Very Low Power Consumption 


• 
Typical Power Dissipation with ±2-V 
Supplies ... 340 /*W 


• 
Low Input Bias and Offset Currents 


• 
Output Short-Circuit Protection 


• 
Low Input Offset Voltage 


• 
Internal Frequency Compensation 


• 
Latch-Up-Free Operation 


• 
Power Applied in Pairs 


description 


The TL044 is a quad low-power operational amplifier 
designed to replace higher-power devices in many 
applications without sacrificing system performance. 


High input impedance, low supply currents, and low 
equivalent input noise voltage over a wide range of 
operating supply voltages result in an extremely 
versatile operational amplifier for use in a variety of 
analog applications including battery-operated circuits. 
Internal frequency compensation, absence of latch- 
up, high slew rate, and output short-circuit protection 
assure ease of use. Power may be applied separately 
to Section 
A (amplifiers 
1 and 4) 
or 
Section B 
(amplifiers 2 and 3) while the other pair remains 
unpowered. 


The TL044M is characterized for operation over the 
full military temperature range of - 55 °C to 125 °C; 
the TL044C is characterized for operation from 0°C 


to 70 °C. 


symbol (each amplifier) 


NONINVERTING 


INPUT IN+ 
OUTPUT 


TYPES TL044M, TL044C 
QUAD LOW-POWER OPERATIONAL AMPLIFIERS 


D1662, SEPTEMBER 1973-REVISED AUGUST 1983 


J 
OR N DUAL-IN-LINE 


OR W FLAT PACKAGE 


(TOP VIEW) 


J IN-C2 
isDOUT^ 
' 
IN+ Ms 
II, #4 VCC- L* 
Lb 
-He 
C7 
#2, #3 VCC+ La 


{IN + 
IN- 


OUT 
'} 
#3 
,} 


AMPL 
#4 
mDIN- 
13 D IN + 
12] #2, #3 VCC- 
11 Hin+" 
16DIN- 
_9 3 OUT 


AMPL 


#2 
AMPL 
#3 


Pins 4 and 12 are internally connected together in the N package only. 


#1 
IN + 
11, #4 Vcc- 
NC 
#2 IN + 


H2 IN- 


. . FH OR FK PACKAGE 


ITOP VIEW) 


I 
H 
ie 
«- «- o *^ •* 
t 
» 
Z 
it 
* 
/—I—i;—II—II—II—I \ 
3 
2 
1 20 19 
\ 
]4 
18 C #4 IN- 
] 5 
17[ #4 IN+ 
]6 
16[ NC 
] ' 
15C #2, #3 Vcc- 
]8 
14[ #3 IN + 
\ 
9 10 11 12 13 
/ 
\ 
f—1r—i r—il—lr—l / 


O 


> 
2§ 


3 
O 
<N > 
= [j2^ 


NC —No internal connection 


V) 
i- 


"a 
E 
< 


15 
c 
o 


(0 
i~ 
03 
CL 
O 
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TYPES TL044M, TL044C 
QUAD LOW-POWER OPERATIONAL AMPLIFIERS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


TL044M 
TL044C 
UNIT 
Supply voltago Vfjc+ (see Note 1) 
22 
18 
V 
Supply voltage V^C- Isee Note 1) 
-22 
-18 
V 
Differential input voltage (see Note 2) 
±30 
±30 
V 
Input voltage (any input, see Notes 1 and 3) 
±15 
±15 
V 
Duration of output short-circuit (see Note 4) 
unlimited 
unlimited 
Continuous total dissipation at (or below) 25 °C 


free-air temperature range (see Note 5) 


Each amplifier 
500 
500 
mW 
Total package 
080 
680 
Operating free-air temperature range 
-55 to 125 
0 to 70 
°C 
Storage temperature range 
-65 to 150 
-65 to 150 
°c 


Lead temperature 1,6 mm 11/16 inch) from case for 60 seconds 
FH. FK. J. or W package 
300 
300 
°c 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 
N package 
260 
°c 


NOTES: 1. Allvoltage values, unloss otherwise noted, are with respect to the midpointbetween Vcc + and Vcfj_. 
2. 
Differential voltages are at the noninverting input terminal with respect to the invening Input terminal. 
3. The magnitude of tho input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less. 
4. 
The output may be shorted to ground or either power supply. For the TL044M only, the unlimited duration of the short-circuit applies at (or below) 
125°C case temperature or 85 °C froo-air temperature. 
5. 
For oporation above 25 °C free-air tomporoture. refer to Dissipation Derating Curves in Section 2. In the J package. TL044M chips are alloy- 
mounted; TL044C chips are glass-mounted. 
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TYPES TL044M, TL044C 
QUAD LOW-POWER OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-air temperature, Vcc + 
= 15 V, Vcc -. 
= 
-15 V 


PARAMETER 
TEST CONDITIONS1 
TL044M 
TL044C 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


V|q 
Input offset voltage 
v0 = o. 
RS = 50 n 


25°C 
1 
5 
1 
5 
mV 
Full range 
6 
7.5 


l|0 
Input offset current 
v0 = o 
25°C 
5 
40 
15 
80 
nA 
Full range 
100 
200 


Iib 
Input bias current 
V0 = 0 
25°C 
50 
100 
100 
250 
nA 
Full range 
250 
400 


Common-mode 
V|CR 
input voltage range 


25;C 
±12 
±13 
±12 
±13 
V 
Full range 
±12 
i 
12 


Maximum peak-to-peak 
vOPP 
output voltage swing 


RL = 10 kfl 
25CC 
20 
26 
20 
26 
V 
RL ^ 
10 kfl 
Full rango 
20 
20 


Large-signal differential 
Avd 
voltage amplification 
RL a 10 kfl, 
V0 = ±10V 


25°C 
72 
86 
60 
80 
dB 
Full rango 
72 
60 


B] 
Unity-gain bandwidth 
25^C 
0.5 
0.5 
MHz 
,-..„„ 
Common-mode 
CMRR 
rejection ratio 
VIC - V|CR min, 
V0 
0, RS 
=, 50 !! 


25CC 
60 
72 
60 
72 
dB 
Full range 
60 
60 


Supply voltage sensitivity 
SVS 
<<W|0/.Wcc) 


VCC 
= ±9 V to ±15 V, 
Vo = 0, Rs = 50 n 


25°C 
30 
150 
30 
200 
mVA/ 
Full range 
150 
200 


Equivalent input 
n 
noisevoltage 


AVD = 20 dB, 


B - 
1 Hz, 


f = 
1 kHz 


25°C 
50 
50 
nv/vTrr 


'OS 
Short-circuit output current 
25°C 
±6 
= 6 
mA 


Supply current 


(four amplifiers) 


No load, 
V0 = o 


25°C 
250 
400 
2 50 
500 
fA 
Full rango 
400 
500 


Total dissipation 


(four amplifiers) 


No load, 
v0 = 0 


25°C 
7.5 
12 
7.5 
15 
mW 
Full range 
12 
15 


'All charj 
-55°C 
icterlstics are measured under open-loop conditions with . 
to 125°C and for TL044C is 0°C to 70°C. 


operating characteristics, Vcc+ = 15 V, Vcc- = -15 V, Ta = 25°C 


PARAMETER 
TEST CONDITIONS 
TL044M 
TL044C 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


'r 
Rise time 
V| = 20 mV, 
RL = 10 ktt. 
Cl = 100 pF, 
See Figure 1 


0.3 
0.3 
us 
Overshoot factor 
5% 
5% 


SR 
Slew rate at unity gain 
Vi - iov, 
Rl = 10 kn. 
Cl • 
100 pF, 
Seo Figure 1 
0.5 
0.5 
V/,*s 


</> 
i_ 
.2 
*£• 
"5. 
E 
< 


"co 
c 
iro common-modo input voltage, unless otherwise specified. Fullrenge for TL044Mis 
^ 


4-> 
CO 
v. 
03 
Cl 
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Operational Amplifiers 


LINEAR 
INTEGRATED 
CIRCUITS 


TYPES TL060, TL060A, TL060B, TLQ61, TL061A, TL061B, 
TL062, TL062A, TL062B, TL064, TL064A, TL064B 
LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS 


D2392. NOVEMBER 1978-REVISED AUGUST 1983 


20 DEVICES COVER MILITARY, INDUSTRIAL, AND COMMERCIAL 
TEMPERATURE RANGES 


Very Low Power Consumption 


Typical Supply Current . . . 200 /*A 
(per Amplifier) 


Wide Common-Mode and Differential 
Voltage Ranges 


Low Input Bias and Offset Currents 


Output Short-Circuit Protection 


High Input Impedance . . . JFET-lnput Stage 


Internal Frequency Compensation 
(Except TL060) 


Latch-Up Free Operation 


High Slew Rate 
3.5 V//ts Typ 


description 


The JFET-input operational amplifiers of the TL061 series are designed as low-power versions of the TL081 series 
amplifiers. They feature high input impedance, wide bandwidth, high slew rate, and low input offset and bias currents. 
The TL061 series features the same terminal assignments as the TL071 and TL081 series. Each of these JFET-input 
operational amplifiers incorporates well-matched, high-voltage JFET and bipolar transistors in a monolithic integrated 


circuit. 


Device types with an "M" suffix are characterized for operation over the full military temperature range of - 55 °C 
to 125°C, those with an "I" suffix are characterized for operation from -25°Cto85°C, and those with a "C" suffix 
are characterized for operation from 0°C to 70 °C. 


TL060. TL060A. TL060B 


D. JG. OR P DUAL-IN-LINE PACKAGE 


(TOP VIEW) 


N1/COMP[ 1 U 8 
IN- L~ 2 
1 
IN+C 3 
6 
vcc- I * 
5 


2 COMP 
I)Vcc + 
j" OUT 
2 OFFSET N2 


TL062. TL062A. TL062B 


0. JG. OR P DUAL-IN-LINE PACKAGE 


(TOP VIEWI 
rcr 
c 


c 
vcc- C 


• 
vCc + 
] OUT 
j" IN- 
j" IN 


AMPL 
#2 


TL081 


FH OR FK CHIP-CARRIER PACKAGE 


(TOP VIEWI 


s 
(J 
o 
<j 
o 
o 
z 
u 
z 
z 
z 


3 
2 
1 20 19 
NC ]4 
IN- 
]5 
NC ]6 
IN. 
] 7 
NC ]8 


18[ NC 
"[ Vcc-f 
16[ NC 
15[ OUT 
14[ NC 


2 
Z 
Z 
a. 
2 


NC-No internal connection 


TL061. TL061A. TL061B 


D. JG. OR P DUAL-INLINE PACKAGE 


(TOP VIEWI 


OFFSET N1[]l U an NC 
IN-C 
'DVCC + 
IN+ f_3 
6 ] OUT 
Vcc- C « 
5 ] OFFSET N2 


TL082 


U FLAT PACKAGE 


(TOP VIEWI 


NC£ 
{out£ 
IN-C 
IN+C 
vcc- C 


P NC 
: 
VCC 
j" OUT 
TIN 
j- IN 


11 
10 
;c- 


AMPL 
*2 


TL082 


FH OR FK CHIP-CARRIER PACKAGE 


(TOP VIEWI 
I- 
3 
+ 
o 
u 
u 
- 
o 
uu 


3 
2 
1 20 19 
\ 
NC ]« 
'8 [ NC 
.1 IN- ]5 
17[ «20UT 
NC ]6 
16[ NC 
»1 IN-*- ]7 
15[ S2 IN- 
NC ]8 
i«[ NC 
«. 
9 10 M 12 13 
/ 


2 
O 
Z 
Z 
Z 


TL061 


U FLAT PACKAGE 


(TOP VIEW) 


NCC 
OFFSET N1 C 
IN-C 
IN+C 
vcc- C 


f] NC 
j" NC 
J"vCc + 
Tout 
j" OFFSET N2 


10 


TL064 . . . D. J. N. 
OR W 
PACKAGE 


TL0B4A. TL064B ... D. J. OR N PACKAGE 


(TOP VIEWI 


TOUT 
" \<N+ 


AMPL 
< 
in* - 
Q 
vcc + C 
tin. c 
AMPL J |N_ [ 
"2 \outC 


out CfTTTiT 
C 
2 OUT 
13] IN- 
12] IN* 
" ] vcc'- 
10 j" IN 
9 j" IN- 
8 2 OUT 
} 


AMPL 


• 3 


AMPL 
«4 


TL084 


FH OR FK CHIP CARRIER PACKAGE 


(TOP VIEWI 


r- *• to *t ^ 


3 
2 
1 20 19 
»1 IN- ]4 
NC ]5 
VCC* ]6 
NC ] 7 
»1 IN+ ]8 


I8[ 04 INt 
17[ NC 
'6 [ Vcc- 
15[ NC 
I4[ £3 IN- 


9 
10 II 12 13 


2 
o 
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TYPES TL060, TL060A, TL060B, TL061, TL061A, TL061B, 
TL062, TLQ62A, TL062B, TL064, TL064A, TL064B 
LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS 


symbol (each amplifier) 
schematic (each amplifier) 


NONINVERTING INPUT 


IN+ 


INVERTING INPUT 
IN- 


OUTPUT 


N1 
N2 


OFFSET NULL/COMPENSATION 
TL060 AND TL061 ONLY 


{cowo- 
"'"wli"0 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


TL06_M 
TL06_I 


TL06_C 


TL06_AC 


TL06_BC 


UNIT 


Supply voltage, Vcc+ 'see Note 1) 
18 
18 
18 
V 


Supply voltage, Vcc- 'see Note 1) 
-18 
-18 
-18 
V 


Differential input voltage (see Note 21 
±30 
±30 
±30 
V 


Input voltage (see Notes 1 and 3) 
±15 
±15 
±15 
V 


Duration of output short circuit (see Note 4) 
unlimited 
unlimited 
unlimited 


Continuous total dissipation at (or below) 


25 °C free-air temperature (see Note 5) 


D package 
680 
680 


mW 
FH or FK package 
680 
J, JG, N, P, or W package 
680 
680 
680 


U package 
675 


Operating tree-air temperature rango 
-55 to 125 
-25 to 85 
0 to 70 
°C 


Storage temperaturo range 
-65 to 150 
-65 to 150 
-65 to 150 
°C 


Lead temperature 1.6 mm (1/16 inchl 


from case for 60 seconds 
J, JG, U. FH. FK. or W package 
300 
300 
300 
°C 


Lead temperature 1,6 mm (1/16 inch) 


from case ror 10 seconds 
D, N. or P package 
260 
260 
°C 


NOTES: 1. 
All voltage values, except difforontial voltages, are with respect to the midpoint botwoon Vcc+ and vcc-- 
2. 
Differential voltagos are at the noninverting input terminal with respect to tho Inverting Input terminal. 
3. The magnitude of Ihe input voltago must never exceed the magnitude of the supply voltage or 15 volts, whichever is less. 
4. 
The output may be shorted to ground or to either supply. Temperature and/or supply voltages must be limited to onsure that the dissipation rating 


is not exceeded. 
5. For operation above 25 °C free-air temperature, refer to Dissipation Derating Curves. Section 2. In the J and JG packages, TL06_M chips are 
alloy-mounted; TL06_1, TL06_C. TL06_AC. and TL06_BC chips are glass-mounted. 


DEVICE TYPES. SUFFIX VERSIONS. AND PACKAGES 


TL060 
TL061 
TL062 
TL064 


TL06_M 
JG 
FH. FK. JG. U 
FH. FK, JG. U 
FH. FK, J. W 


TL06_I 
D. JG, P 
D. JG. P 
D. JG. P 
D. J, N 


TL06_C 
D. JG, P 
D. JG, P 
D. JG, P 
D, J. N 


TL06_AC 
D, JG, P 
D, JG, P 
D. JG. P 
D, J, N 


TL06_BC 
D. JG, P 
D, JG, P 
D. JG. P 
D, J, N 
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TYPES TL060M, TL061M, TL062M, TL064M 
LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS 


electrical characteristics, Vcc ± 
= 
± 15 V (unless otherwise noted) 


PARAMETER 
TEST CONDITIONS' 


TL060M 


TL061M 


TL062M 


TL064M 
UNIT 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


V|0 
Input offset voltago 
v0 = o, 
RS =50 n 


TA - 
25 °C 
3 
6 
3 
9 
mV 
TA = -55°C to 125°C 
9 
15 


«VIO 


Temperature 


coefficient of 


input offset voltage 


Vo =0, 
Rs = 50 0, 


TA - 
-55°Cto 125°C 
10 
10 
aV/°C 


Mo 
Input offset 


current* 
v0 = o 
TA = 25°C 
5 
100 
5 
100 
PA 


TA = -55°C to 125°C 
20 
20 
nA 


'IB 
Input bias current 
V0 
= 0 
TA = 25°C 
30 
200 
30 
200 
PA 
TA = -55°C to 125°C 
50 
50 
nA 


V|CR 
Common-mode 


input voltage range 
TA = 25°C 
±11.5 
±12 
±11.5 
±12 
V 


VOM 


Maximum 


peak output 


voltage swing 


RL = 10 kil. 
TA = 25°C 
±10 ±13.5 
±10 ±13.5 
V 
RL > 10 k!l. 
TA = -55°C to 125°C 
±10 
±10 


AVD 


Large-signal 


differential voltage 


amplification 


V0 = 
± 10 V, 


RL a 
10 kfl 


TA = 25 °C 
4 
6 
4 
6 
V/mV 
TA = -55°C to 125°C 
4 
4 


Bl 
Unity-gain bandwidth 
RL = 10 k!!, 
TA = 25°C 
1 
1 
MHz 


r. 
Input resistance 
TA = 25°C 
1012 
1012 
£1 


CMRR 
Common-mode 


rejection ratio 
VIC " VICR min- 
v0 • 
0- 
RS = 50 11, 
TA = 25°C 
80 
86 
80 
86 
dB 


ksVR 


Supply voltage 


rejection ratio 
(AVcc±aV|0| 


VCC = ±15 V to ±9 V, 
V0 = 0, 


RS = 50 n, 
TA = 25°C 
80 
95 
80 
95 
dB 


PD 


Total power 


dissipation 


(each amplifier) 


No load. 
Vq = 0. 


TA = 25 °C 
6 
7.5 
6 
7.5 
mW 


ice 
Supply current 


(oach amplifier) 
No load. 
V0 = 0 , 


TA = 25"C 
200 
250 
200 
250 
,<A 


V0i/V02 Crosstalk attenuation 
AVD = 100, 
TA 
-= 25°C 
120 
120 
dB 


'All characteristics are measured under open-loop conditions with 2ero common-mode voltage unless otherwiso specified. 
:lnput biascurrentsof a FET-input operational amplifier are normal junction reversecurrents,whichare tomporature sensitiveas shownInFigur 
techniques must be used that will maintain the junction temperature as close to the ambient temperature as possible. 
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TYPES TLQ60, TL060A, TL060B, TL061, TL061A, TL061B, 
TL0B2, TL062A, TL0G2B, TL064, TL064A, TL064B, 
LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS 
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TYPES TL060, TL060A, TLQ60B, TL061, TL061A, TL061B, 
TL062, TL062A, TL062B, TL064, TL064A, TL064B 
LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS 


operating characteristics, Vcc± = ±15 V, Ta = 25 °C 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


SR 
Slew rate at unity gain 
V| - 
10 V, 
RL = 10 kfl, 
C|_ = 100 pF, 
See Figure 1 
2 
3.5 
V/^s 


tr 
Rise time 
V| = 20 mV, 
Rl = 10 kfl, 
Cl = 100 pF, 
See Figure 1 


0.2 
ws 


Overshoot factor 
10% 


Vn 
Equivalent input noise voltage 
RS -100 0, 
f = 1 kHz 
42 
nV/vHz 


PARAMETER MEASUREMENT INFORMATION 


FIGURE 1-UNITYGAIN AMPLIFIER 
FIGURE 2-GAIN-OF-10 
INVERTING AMPLIFIER 
FIGURE 3-FEED-FORWARD 
^ 


COMPENSATION 
— 
(0 
c 
o 
+3 
(0 


03 
CL 
O 


INPUT OFFSET VOLTAGE NULL CIRCUITS 


•For btit results use R - 20 Mil for 
Vcc± " ±15 V to R - 5 MO. for 
Vcc± " ±3 V. 


TL061 


FIGURE 5 
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TYPES TL060, TL060A, TL060B, TL061, TL061A, TL061B, 
TL062, TL062A, TL062B, TL064, TL064A, TL064B 
LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTiCSt 


MAXIMUM PEAK OUTPUT VOLTAGE 


SUPPLY VOLTAGE 


115 
> 
ft 12.6 


> 


a 
;10 


"L 
ta 


- 10 kll 
-2S"C 
/ 
FlflU 


/ / 


/ 
/ 


A 


/ / 


, / 


§ 
:5 
i 


4 
6 
8 
10 
12 
14 
16 


IVcc; -Supolv VoHaga-V 


MAXIMUM PEAK OUTPUT VOLTAGE 


FREQUENCY 


100k 


l-Fraquancy-Hj 


FIGURES 


SUPPLY CURRENT PER AMPLIFIER 


SUPPLY VOLTAGE 


TA- 25'C 
No Signal 


4 
6 
8 
10 
12 
14 
16 
IVcci l-Supply Vollaga-V 


MAXIMUM PEAK OUTPUT VOLTAGE 


FREE AIR TEMPERATURE 


> 


S -125 
$ 
I 
MO 


O 


• 
°* 


E 
1 
=5 


I 
i 
--2.S 
5 
> 


vcc !-!15V 


S.t Fiju,. 2 


-75-60-25 
0 
25 
50 
75 
100 
125 


TA-Fraa An Tampafatura-'C 


DIFFERENTIAL VOLTAGE AMPLIFICATION 


FREE AIR TEMPERATURE 


> 
10 


. 


< 
1 
-75 -SO -25 
0 
25 
50 
75 
100 
125 
TA-FraaAlf Ttmptrstur*-aC 


FIGURE 10 


SUPPLY CURRENT PER AMPLIFIER 


FREE-AIR TEMPERATURE 


Vcc?" :15 V 
No Signal 


-75-50-25 
0 
25 
SO 
75 
100 
125 
TA-Fraa-AIr Tamparatura—°C 


FIGURE 13 


MAXIMUM PEAK OUTPUT VOLTAGE 


LOAD RESISTANCE 


fms- 
j „ 


O 
1=7, 


1 
5 
«M 


VCCl • t 
Ta-2S° 


i ii 
5 V 
T. 


Sa. F^ur. 2 
/ 
L 


A 
/ 
/ 


100 
200 
400 
700 1k 
2 k 
4 k 
7 k 10 k 


Rl-Load Raiiitanca-Il 


LARGE SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 
and PHASE SHIFT 


FREQUENCY 


10 
100 
Ik 
10 k 
100 k 
1M 
10 r 
f-Fraquancv-Hz 


FIGURE 11 


TOTAL POWER DISSIPATED 


FREE-AIR TEMPERATURE 


T " 
| 20 


6 
1" 


vo 
-No 
No 
Signal 
Load 


15 V 


T tu 


S 
5 


TLC m, r 
061 


-75 -50 
-25 
0 
25 
50 
75 
100 
125 
TA-F'aa-AIr Tamparalura—*C 


• Data at high and low temperatures are applicable only within the rated operating free-air temperaturo ranges of the various devices. A 10-pF compensation 
capacitor is used with TL060 and TL060A. 
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ALL EXCEPT TL06.C 


COMMON MODE REJECTION RATIO 


FREE-AIR TEMPERATURE 


VcCl-*15V 
Rl.- lOkfJ 
/ 
s 


/ 


' 


/ 


1 


-75 -50 -25 
0 
25 
SO 
75 
100 
125 
TA-Fraa-AIr Tamparatura—*C 


VOLTAGE-FOLLOWER 
LARGE-SIGNAL PULSE RESPONSE 


INPUT 


L 
/ 
/ 
/ 
\ 
/ 
\ 


ITPUT 


/? 
•10k 


- 100 
-2S*C 


5 V 


a 
\ 


T/ 
..... 


10 


t-Tlma-(u 


FIGURE 18 


' Data at high and low temperatures are applicabl 


capacitor is used with TL060 and TL060A. 


INPUT 
100 kl! 


INPUT 


B 
100 Ml 


TYPES TL060, TL060A, TL060B, TL061, TL061A, TL061B, 
TL062, TL062A, TL062B, TL064, TL0B4A, TL064B 
LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICSt 


NORMALIZED UNITYGAIN BANDWIDTH. 


SLEW RATE, and PHASE SHIFT 


FREE-AIR TEMPERATURE 


-75 -50 -2S 
0 
25 
50 
75 
100 
125 
Ta—Ftaa-Air Tamparatura— C 


FIGURE 16 


OUTPUT VOLTAGE 


ELAPSED TIME 


r.u_TT^ 
i J-so\ 
/// 


10V 
vcci - *i«v 


r»«c 
ta- 25*C 


0 
0.2 
0.4 
0.6 
0.8 
1 
1.2 
1.4 


t-Tlma-fU 


FIGURE 19 


i only within the rated oporatlng froo-air temperature 


TYPICAL APPLICATION DATA 


INPUT BIAS CURRENT 


FREE-AIR TEMPERATURE 


-50 
-25 
0 
X 
50 
75 
100 
125 
TA-FraaAirTamparalura-'C 


FIGURE 17 


EQUIVALENT INPUT NOISE VOLTAGE 


FREQUENCY 


S 
60 
1 « 


10 


ra 
i in 
Vcct-i15v[ 
Rj-lOOIl 
II 


.: 
ill' 
lV: 
IK 


10 
40 
100 
400 1k 
4 k 10 k 
40 k 100 k 
l-Fraquancy-Hi 


FIGURE 20 


angos o( tho various devicos. A 10-pF compensation 


FIGURE 21-INSTRUMENTATION AMPLIFIER 
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TYPES TL060, TL060A, TL060B, TL061, TL061A, TL0B1B, 
TL062, TL062A, TL062B, TL064, TL064A, TL064B 
LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS 


TYPICAL APPLICATION DATA 


INPUT 
Rl 


CF-3.3uF 


2r. RF CF 


R1 -R2-2R3 = 1.5 M12 
C3 
C1 =C2 
= IIOpF 
2 


f0 
1 kHz 
2i:R1C1 


FIGURE 22-0.5-Hz SQUARE WAVE OSCILLATOR 
F1GURE 23-HIGH-Q NOTCH FILTER 


IpF 


INPUT 
\C— 


100 mF' 


1 Mil 
-Wv- 


VCC* 


100 kfl 
—WV 
VCC» 


FIGURE 24-AUDIO DISTRIBUTION AMPLIFIER 


♦15 V 


OUTPUT 
?50S> 


VCC* 


-15 V 


FIGURE 25-LOW-LEVEL LIGHT DETECTOR PREAMPLIFIER 
FIGURE 26-AC AMPLIFIER 
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TYPES TL060, TL060A, TL060B, TL061, TL061A, TL061B, 
TL062, TL062A, TL062B, TL064, TL064A, TL064B 
LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS 


TYPICAL APPLICATION DATA 


10 kil 
100 kn 
1 kO 


1.2MO^ 100kflj 


2.7 kll 
JUHi^(-i-\L. 


20 uF 


0,06 uF^ 


1>iF 


0.002uF 


0.06 uF 
" 
T 
a 


"ii 
1 0.02*4 


FIGURE 27-MICROPHONE PREAMPLIFIER WITH TONE CONTROL 


c 


:100kS! 


f 1ki> 


FIGURE 28-INSTRUMENTATION AMPLIFIER 


a 
10012 


75 pF 


i 
,0 
1 
* 
1 o 
< 
I 
5 
o 
-10 
> 
-15 


-20 


-25 


ICPREAMPLiriER RESPONSE 
CHARACTERISTICS 


MAX BASS 
1 
MAX 
'{ i 
Vcc:"'15 V 
TA- 25"C 
1 


Saa r i Ufa 30 


REBLE J 
K 
/]] 


^ 
s 
/ 
' 


^ 
N \ 


/ 
\ 


V 
/ 
l L 


^ '111 
MIN 


::\ 
BASS 
TREBLE 


20 
40 70100 
400 700 1 k 
4 k 
10 k 
20 k 


1-FraquancY-Hr 


FIGURE 29 


FIGURE 30-IC PREAMPLIFIER 
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TYPES TL066M, TL066I, TL066C, TL066AC, TL066BC 
ADJUSTABLE LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS 


5 DEVICES COVER COMMERCIAL, 
INDUSTRIAL, AND MILITARY 
TEMPERATURE RANGES 


Very Low, Adjustable ("Programmable") 
Power Consumption 


Adjustable Supply Current ... 5 /-A to 
200 itA 


Very Low Input Bias and Offset Currents 


Wide Supply Range ... ±1.2 V to ±18 V 


Wide Common-Mode and Differential 
Voltage Range 


Output Short-Circuit Protection 


High Input Impedance . . . JFET-input Stage 


Unity-Gain Bandwidth ... 1 MHz Typ 
(100 kHz at 25 ^W) 


High Slew Rate ... 3.5 V//<s Typ 


Internal Frequency Compensation 


Latch-Up-Free Operation 


description 


The TL066, TL066A, and TL066B are JFET-input 
operational amplifiers similar to the TL061 with the 
additional feature of being power-adjustable. They 
feature very low input offset and bias currents, high 
input impedance, wide bandwidth, and high slew rate. 
The power-control feature permits the amplifiers to be 
adjusted to require as little as 25 microwatts of power. 
This type of amplifier, which provides for changing 
several 
characteristics 
by 
varying 
one 
external 
element, 
is 
sometimes 
referred 
to 
as 
being 
"programmable." The JFET-input stage combined 
with the 
adjustable-low-power feature 
results 
in 
superior 
bandwidth 
and 
slew 
rate 
performance 
compared to low-power bipolar-input devices. 


The TL066M is characterized for operation over the full military temperature range of - 55 °C to 125 °C; the TL066I 
is characterized for operation from -25°C to 85 °C; the TL066C, TL066AC, and TL066BC are characterized for 
operation from 0°C to 70 °C. 
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TL066M . . . JG PACKAGE 


TL066I. TL066C. TL066AC. TL066BC . . . D, JG. OR P PACKAGE 


(TOP VIEWI 


OFFSET N1 •' 
U 8[] PWR CONT 
IN-C 2 
7UVCC + 
IN+ C 3 
6] OUT 
VCC - C« 
1 3 OFFSET N2 


symbol 


TL066M . . . FH OR FK PACKAGE 


(TOP VIEW) 


NC 
OFFSETN1 


NC 
PWRCONT 
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TYPES TL066M, TL066I, TL066C, TL066AC, TL066BC 
ADJUSTABLE LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS 


schematic 


NONINVERTING 
INPUT 


vcc* 


ice 
2.85 
2.85 + Rext 
'CC(O) 


where Rext is in kn 
and lcc(0) = lcc with Rext • 0 


POWER 
CONTROL 


VCC- 


OFFSET 
OFFSET 
OUTPUT 
NULL 
NULL 
(N1) 
(N2) 
COMPONENT VALUES SHOWN ARE NOMINAL 


absolute maximum ratings over operating free-air temperature (unless otherwise noted) 


TL066M 
TL066I 


TL066C 


TL066AC 


TL066BC 


UNIT 


Supply voltage, Vcc+ (see Note 1) 
18 
18 
18 
V 
Supply voltage. Vqc- (see Note 11 
-18 
-18 
-18 
V 


Differential input voltage (see Note 21 
: 30 
±30 
= 30 
V 


Input voltage (see Notes 1 and 3) 
= 15 
±15 
= 15 
V 
Voltage between power-control terminal and Vrjc_ 
±0.5 
±0.5 
±0.5 
V 


Duration of output short circuit (see Note 4) 
unlimited 
unlimited 
unlimited 
Continuous total dissipation at (or bolow) 


25 °C free-air temperature (see Note 51 
680 
680 
680 
mW 


Operating free-air temperature range 
-55 to 125 
-25 to 85 
0 to 70 
°c 
Storage temperature range 
-65 to 150 
-65 to 150 
-65 to 150 
°c 


Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds 
FH. FK. or 


JG package 
300 
300 
300 
°c 


Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 
D or P package 
260 
260 
°c 


NOTES: 1. All voltage values, except differential voltages, are with respect to the midpoint betwoen Vqc+ and Vqq_. 
2. 
Differential voltages are at the noninverting input torminal with respect to the inverting input terminal. 
3. 
The magnitude of the input voltage must never exceed tho magnitude of the supply voltage or 15 volts, whichever Is less. 
4. 
The output may be shorted to ground or to either supply. Temperature and/or supply voltages must be limited to ensure that the dissipation rating 


Is not exceeded. 
5. 
For operation above 25 °C free-air temperature, refer to Dissipation Derating Curves in Section 2. In the JG package, the TL066I, TL066C. TL066AC. 
end TL066BC chips are glass-mounted; the TL066M chips are alloy-mounted. 
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electrical characteristics, Vcc = 
± 15 V 


PARAMETER 
TEST CONDITIONS1 
TL066M 
TL066I 
TL066C 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


V|0 
Input offset voltage 


V0 = 0, 
Rs = 50 (1, 
TA = 25 °C 
3 
6 
3 
6 
3 
15 


20 


mV 
Vo = 0, 
Rs = 50 n, 
Ta = 'u'l range 
9 
9 


<*VI0 
Temperature coefficient 


of input offset voltage 
Vo =0, 
Rs = 50 n. 
Ta = full range 
10 
10 
10 
mV/°C 


ho 
Input offset current1 
Vq = 0. 
TA = 25 °C 
5 
100 
5 
100 
5 
200 
pA 


Vq 
= 0, 
Ta = full range 
20 
10 
5 
nA 


'IB 
Input bias current' 
V0 = 0. 
TA = 25°C 
30 
200 
30 
200 
30 
400 
PA 


Vq = 0, 
Ta 
full range 
50 
20 
10 
nA 


V|CR 
Common-mode input 


voltage range 
TA = 25°C 
±11.5 
±11.5 
±11 
V 


vOM 
Maximum peak 
output voltage swing 
Ta = full range. 
Rl a 
10 kfl 
= 10 
±13.5 
±10 
±13.5 
±10 
±13.5 
V 


AVD 
Large-signal differential 


voltage amplification 


RL 2: 10 kQ. 
V0 = ±10 V. 


TA = 25°C 
4 
6 
4 
6 
3 
6 
V/mV 
RL 2 10 kQ. 
V0 - 
±10 V. 
Ta = full range 
4 
3 


Bl 
Unity-gain bandwidth 
TA = 25°C. 
RL = 10 kO 
1 
1 
1 
MHz 


Imput resistance 
TA - 
25°C 
1012 
1012 
1012 
I) 


Output resistance 
TA = 25°C, 
f - 
1 kHz 
220 
220 
220 
Q 


CMRR 
Common-mode 


rejection ratio 
V|C = VICR min- vO " 0- 
RS = 50 Q. 
TA - 25-C 
80 
86 
80 
86 
70 
76 
dB 


kSVR 
Supply voltage rejection 


ratio (AVcc-'^VlO1 


VCC = ±9 V to ± 15 V. V0 = 0. 
RS = 50 Q. 
TA = 25°C 
80 
95 
80 
95 
70 
95 
dB 


PD 
Total power dissipation 
Vq = 0. 
No load, 


TA = 25°C 
6 
7.5 
6 
7.5 
6 
7.5 
mW 


'cc 
Supply current 
Vq - 0, 
No load, 


TA = 25°C 
200 
250 
200 
250 
200 
250 
nA 


1All characteristics are measured undor open-loop conditions with zero common-mode input voltage' unloss othorwise specified. Full rango ofTA is - 55°C to 125°C for TL066M; 
-25°C to 85"C forTL066I; and0°C to 70"CforTL066C. Tho olectrical paramoters are measured withtho power-control terminal (pin 81 connected to Vcc-- 
•Input bias currents ofaFET-input operational amplifier are normal junction reverse currents, which are temperature-sensitive. Pulse techniques must bo used that will maintain tho 


junction temperature as close to tho ambient temperature as is possible. 
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TYPES TL066AC, TL066BC 
ADJUSTABLE LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS 


electrical characteristics, Vcc = ± 15 V 


PARAMETER 
TEST CONDITIONSf 
TL066AC 
TL066BC 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


V|0 
Input offset voltage 


v0 = o. 


TA = 25°C 
RS = 50 0. 
3 
6 
2 
3 


mV 
v0 = o. 
Ta = full range 
RS = 50 Q. 
7.5 
5 


"VIO 
Temperature coefficient 


of input offset voltage 
v0 = 0. 
Ta = full range 
RS = 50 0, 
10 
10 
<iV/°C 


ho 
Input offset current* 
v0 = o. 
TA = 25 °C 
5 
100 
5 
100 
PA 
v0 = o, 
Ta = full range 
3 
3 
nA 


'IB 
Input bias current* 
v0 - 
o. 
TA = 25 °C 
30 
200 
30 
200 
PA 
v0 = o, 
Ta = full range 
7 
7 
nA 


VICR 
Common-mode input 
voltage range 
TA = 25°c 
±11.5 
±11.5 
V 


V0M 
Maximum peak 


output voltage swing 
TA - 
25 °C. 
RL a 
10 kQ. 
= 10 
±13.5 
±10 
±13.5 
V 
Ta = full range. 
RL a 
10 kQ 
±10 
i 13.5 
= 10 
= 13.5 


AVD 
Large-signal differential 


voltage amplification 


RL a 
10 kQ. 


TA = 25°C 
V0 = ±10 V. 
4 
6 
4 
6 


V/mV 
RL a 
10 kQ, 


Ta • 
full range 


V0 
= ±10 V. 
4 
4 


Bl 
Unity-gain bandwidth 
TA = 25°C. 
RL = 10 kQ 
1 
1 
MHz 
r; 
Input resistance 
TA = 25 "C 
1012 
10'2 
Q 
'o 
Output resistance 
TA - 
25 "C. 
f 
= 
1 kHz 
220 
220 
Q 


CMRR 
Common-mode 


rejection ratio 
VIC = V|CR mm. 
RS = 50 Q. 


Vo 
= o. 


TA = 25°C 
80 
86 
80 
86 
dB 


><SVR 


Supply voltage 


rejection ratio 


U.Vcc±/AV|o) 


Vcc = * 9 V to 
RS = 50 0, 
±15 V, Vq = 0. 


TA - 
25°C 
80 
95 
80 
95 
dB 


PD 
Total power dissipation 
No load, 


TA = 25°C 
v0 = o. 
6 
7.5 
6 
7.5 
mW 


ice 
Supply current 
No load, 


TA = 25°C 
v0 • 
0. 
200 
250 
200 
250 
«A 


All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. Full range of T^» - 55°C 
to 125°CforTL066M; - 25"Cto 85°CforTL066I; and0°Cto 70°CforTL066C. TL066AC, andTL066BC. Theelectrical parameters aremeasured with 
the power-control terminal(pin 81connected to VQC-- 
•Input bias currents ofaFET-input operational amplifior arenormal junction reverse currents, which aretemporaturo-sonsitivo. Pulse techniquos must beused 
that will maintain tho junction temperature as close to the ambient tomporaturo as is possible. 
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TYPES TL066M, TL066I, TL066C, TL066AC, TL066BC 
ADJUSTABLE LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS 


operating characteristics, Vcc± = ±15 V, Ta = 25 °C, Rext = 0 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


SR 
Slew rate at unity gain 
V| = 10 V. 
Rl = 10 kQ. 
Cl = 100 pF, 
See Figure 1 
2 
3.5 
V//iS 


«r 
Rise time 
V| = 20 mV, 
RL = 10 kQ 
0.2 
MS 


Overshoot factor 
Cl = 100 pF, 
See Figure 1 
10% 


Vn 
Equivalent input noise voltage 
RS = 100 0, 
f = 1 kHz 
42 
nV/v'hfz 


PARAMETER MEASUREMENT INFORMATION 


RL = 10kfi 


CL=100pF 
y- 


FIGURE 1-UNITY-GAIN AMPLIFIER 
FIGURE 2-GAIN-OF-10 INVERTING AMPLIFIER 


INPUT OFFSET VOLTAGE NULL CIRCUIT 
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TYPES TL066M, TL066I, TL066C, TL066AC, TL066BC 
ADJUSTABLE LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS 


INPUT BIAS CURRENT 


FREE-AIR TEMPERATURE 


0 
IS 
SO 
Ii 
100 
125 


TA-Fiaa-Air Tamparatura-°C 


FIGURE 4 


MAXIMUM PEAK OUTPUT VOLTAGE 


FREE-AIR TEMPERATURE 


lib 


slO 


t7.B 


'•cc 
R„ 1-* 
-0 
5V 


s« 
10k J 


J 


-75 -50 -IS 
0 
IS 
SO 
75 
100 
1J5 


Tjk-Frta-Ai, Tamparalura-°C 


DIFFERENTIAL VOLTAGE AMPLIFICATION 


EXTERNAL-CONTROL RESISTANCE 


FIGURE 10 


TYPICAL CHARACTERISTiCSt 


MAXIMUM PEAK OUTPUT VOLTAGE 


SUPPLY VOLTAGE 


0 
3 
4 
6 
B 
10 
12 
14 
16 


rvceil-SupDly Voitaja-V 


FIGURES 


MAXIMUM PEAK OUTPUT VOLTAGE 


LOAD RESISTANCE 


VCCl • 215 V 
R.,,-0 
TA• 25*C 
ft 
s 
S" F »,.f 3 
f 
t 
tlO 
I 
2 
7 
i"» 
f 


T 
* 
/ 
I 


7 
™ 
y / 


y 


* 
0 
100 
300 
400 
700 Ik 
3k 
4k 
7kl0k 


RL-Load Rtuiunct-Sl 


FIGURE 8 


DIFFERENTIAL VOLTAGE AMPLIFICATION 


FREE AIR TEMPERATURE 


-R.,1-0 
"RL-IOkfl 


-75 
-50 -25 
0 
25 
50 
75 
100 
126 


T^-Frce-Air Temparatute-'C 


|*1M 


MAXIMUM PEAK OUTPUT VOLTAGE 


EXTERNAL-CONTROL RESISTANCE 


10 
100 
Ik 
10k 
100k 


Ra«l-6x«rna!-Con((ol Rei »u-ct-il 


FIGURE 6 


MAXIMUM PEAK OUTPUT VOLTAGE 


FREQUENCY 


10k 
100k 
1M 
I0M 


<-Fragu»ncy-H» 


FIGURE 9 


LARGE SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 
and PHASE SHIFT 


10 
100 
Ik 
10 k 
100 k 
I M 
10 M 


l-Frequencv-Hr 


'Data at high and low temperatures areapplicable only within therated (ree-air temperature ranges ofthe various devices. 
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TYPES TL066M, TL066I, TL066C, TL066AC, TL066BC 
ADJUSTABLE LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICST 


SUPPLY CURRENT 


SUPPLY VOLTAGE 


2M 


150 


100 


BO 


R„l • 0 
TA- 25'C 


N 
Loa 


0 
2 
1 
6 
8 
10 
12 
14 
16 
Vccs-Supply Votleg»-V 


TOTAL POWER DISSIPATION 


EXTERNAL CONTROL RESISTANCE 


10 
100 
Ik 
10k 
100k 


-External-Control Rtfltanca-fl 


EQUIVALENT INPUT NOISE VOLTAGE 


FREQUENCY 


10 
40 
100 
400 1k 
4 k 10 k 
40 k 100 k 
f-Frequency-Hl 


FIGURE 19 


SUPPLY CURRENT 


EXTERNALCONTROLRESISTANCE 
Hill MW |ii|Hf 


Rt„T-E>t«'nal Control Reimence-n 


FIGURE 14 


ALL EXCEPT TL066C 
COMMON-MODE REJECTION RATIO 


EXTERNAL CONTROL RESISTANCE 


10 
100 
1« 
10 k 
100 k 
Rf,,-E«irfnat Cont'oi Reiittance-n 


EQUIVALENT INPUT NOISE VOLTAGE 


SOURCE RESISTANCE 


10 
40 
100 
400 
Ik 
4 k 10 k 
40 k 100 k 
RS-Souror Re.iltance-tl 


FIGURE 20 


i 


§ 150 


SUPPLY CURRENT 


FREE-AIR TEMPERATURE 


VCCl- 
-R,,t-0 
No S-gna 


No Load 
1 


16 V 


-75 -50 -35 
0 
35 
50 
75 
100 135 


TA-Fraa-AirTempereture-'C 


FIGURE 15 


ALL EXCEPT TL066C 
COMMON-MODE REJECTION RATIO 


FREE-AIR TEMPERATURE 


Vcc:-! '6V 
"eat * 0 
RL- lOkfl 


-75 -50 -35 
0 
35 
50 
75 
100 125 
Ta- Free-Air Temperature- C 


FIGURE 18 


UNITY GAIN BANDWIDTH 


EXTERNAL-CONTROL RESISTANCE 


ROXI-Ex1arnalContiol Ren 


FIGURE 21 


'Data at high and low temperatures are applicable only within theratedfree-air temperature ranges ol the various devices. 
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TYPES TL066M, TL066I, TL066C. TL066AC, TL066BC 
ADJUSTABLE LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS 


SLEW RATE 


.CONTROL RESISTANCE 


R,„t-Externet Control Raw! 


FIGURE 22 


TYPICAL CHARACTERISTiCSt 


NORMALIZED UNITY-GAIN BANDWIDTH, 
SLEWRATE,and PHASESHIFT 


-75 -50 -25 
0 
25 
SO 
75 
100 
125~ 
TA-Free-AIr Tempenture-*C 


FIGURE 23 


OUTPUT VOLTAGE 


ELAPSED TIME 


J-6 
>:,2 
i 


r.ujj~ \ 
t 
-90) 
/ 
/ 
/ 


10V 
R.,,-0 


)•* 
Ta 
tfc 


0? 
0 4 
0 6 
0 8 
\ 
I? 
14 
t-T.fne-u| 


VOLTAGE-FOLLOWER 
LARGE-SIGNAL PULSE RESPONSE 


.-.-_'- 
/// 
T" 
/ 


\0UTPUT 


f 
"1 
,t-0 


- 
10 k 


- 100 
-25*C 


I) 


ta 


F 


t-T.m,-,,, 


FIGURE 24 


FIGURE 25 
'Data athigh and low temperatures are applicable only within the rated free-air temperature ranges otthe various devices. 


INPUT „ «»W> 
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TYPICAL APPLICATION DATA 


FIGURE 26-INSTRUMENTATION AMPLIFIER 
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TYPES TL066M, TL066I, TL066C, TL066AC, TL066BC 
ADJUSTABLE LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS 


TYPICAL APPLICATION DATA 


10 kn 
100 kn 
1 kn 


0.02 (IF -±r 


FIGURE 27-MICROPHONE PREAMPLIFIER WITH TONE CONTROL 


FIGURE 28-AC AMPLIFIER 


CO 
a- 
.SJ 


"5. 
£ 
< 


"co 
c 
o 
"^ 
CO 
i- 
03 
a. 
O 


Texas 
Instruments 


POST OFFICE BOX 225012 • 
DALLAS. TEXAS 75265 


3-121 


O 


CD 


03 
«•+ 


o 
3 
Si. 


> 
3 


TYPES TL066M, TL06BI. TL066C, TL066AC, TL066BC 
ADJUSTABLE LOWPOWER JFET-INPUT OPERATIONAL AMPLIFIERS 


TYPICAL APPLICATION DATA 


IC PREAMPLIFIER RESPONSE CHARACTERISTICS 


25 


20 


15 


t 
10 


-5 


-10 


-15 


-20 


-25 


I 
M 
i 
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I I IIIII 
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vcc±: 
rA = 2 
3ee Fig 


±15 V 
TREBL E 


^ 
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FIGURE 29 


FIGURE 30-IC PREAMPLIFIER 
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LINEAR 
INTEGRATED 
CIRCUITS 


TYPE TL068C 
3-PIN VOLTAGE FOLLOWER WITH JFET INPUT 


• 
Standard TO-92 Package 


• 
Supply Current 
300 /iA Max 


• 
Wide Input/Output Voltage Range 


• 
Low Input Bias Current 


• 
Output Short-Circuit Protection 


• 
High-Impedance Input . . . JFET Input Stage 


• 
Internal Frequency Compensation 


• 
Latch-Up-Free Operation 


description 
The TL068C is a JFET-input unity-gain amplifier featuring high input impedance, wide bandwidth, and lowinput bias 
current.A current-sourcing load such as a pull-up resistor is required forcircuit operation. 


The TL068Cis characterized for operation over the commercial temperature range of 0°C to 70°C. 


schematic 


VEE 


D2660. AUGUST 1983 


LP 
PACKAGE 


(TOP VIEW) 
/^ n^ 
OUTPUT 


i 
n 
• 
ii 
VEE 


\ 
'! 
\ 
u 
INPUT 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Voltage from output to Vp_c_ 
36 V 
Voltage from inputto Vp.fr 
36 V 
Voltage from input to output 
30 V 
Duration of short circuit (see Note 1) 
Unlimited 
Continuoustotal dissipation at (or below) 25°C free-air temperature (see Note 2) 
775 mW 
Operating free-air temperature range 
• 
0°C to 70°C 
Storage temperature range 
-65°C to 150 C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 
260°C 


NOTES: 1. The outputmaybeshorted to any point as long as tho voltago from output to Vgr; doesnotexceed36 V.Temperature and'orVEE mustbe 


limited to ensure that the dissipation rating is not exceeded. 
2. For operation above 25°C Irooair tomporaturo. roler to Dissipation DeratingCurves in Section 2. 
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ADVANCE INFORMATION 


Thla document contains Information on a new product. 
Specifications are subject to change without notice. 


Copyright O 1983 by Texas Instruments Incorporated 
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TYPE TL068C 
3-PIN VOLTAGE FOLLOWER WITH JFET INPUT 


electrical characteristics. Vee = -15 V, V+ = +15 V. Ta = 25°C (unless otherwise noted) 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
V|Q 
Input offset voltage 
lO = 2 mA 
3 
15 
mV 


l|B 
Input bias current 
TA 
= 25°C 
30 
400 
PA 
TA = 0°C to 70 °C 
10 


V|R 
Input voltage range 
VEE = -15 V, V, = 15 V. RL = 10 kfl 
12 
13.5 


to 
to 


-11.5 
-12 


V 


Large-signal voltage 
Ay 
amplification 
VEE = -15V. V, = 15 V.RL = 10 kO 
0.999 
0.9997 
V/V 


, 
Supply voltage 
kSVR 
rejection ratio 
VEE = -15 V to +10 V 
70 
78 
dB 


Load-circuit 


kLCS 
sensitivity 
(AVio/Alo) 
Iq = 0.5 mA to 5 mA 
2 
4 
mV/mA 


. 
Short-circuit 
'OS 
output current 
25 
mA 


l| 1 
Supply current 
-125 
-300 
»A 1 


operating characteristics. VEE = -15 V, V+ = 15 V, TA = 25°C, RL = 10 kn, Cl = 100 pF 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 
Bandwidth 
1 
MHz 


Slew rate 
V0 = 110 V 
Positive-going edge 
7 
V//.S 
Negative-going edge 
100 
Rise time 
V0 
- 
100 mV 
130 
ns 
Overshoot 
20% 


PARAMETER MEASUREMENT INFORMATION 


RL=10kn 
OUT 
l0 


OUTPUT 


vee 
CL=100pF 


TEST CIRCUIT 
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[LINEAR 
INTEGRATED 
CIRCUITS 


TYPES TL070, TL070A, TL071, TL071A, TL071B, 
TL072, TL072A, TL072B, TL074, TL074A, TL074B, TL075 
LOW NOISE JFET-INPUT OPERATIONAL AMPLIFIERS 
D2393. SEPTEMBER 1978-REVISED SEPTEMBER 1983 


19 DEVICES COVER COMMERCIAL, INDUSTRIAL, AND MILITARY TEMPERATURE RANGES 


Low Power Consumption 


Wide Common-Mode and Differential Voltage 
Ranges 


Low Input Bias and Offset Currents 


Output Short-Circuit Protection 


Low Total Harmonic Distortion 
0.003% Typ 


Low Noise . . . Vn - 
18 nV-JUz Typ 


High Input Impedance . . . JFET-input Stage 


Internal 
Frequency 
Compensation 
{Except 
TL070. TL070A) 


Latch-Up-Free Operation 


High Slew Rate ... 13 V//«s Typ 


description 
The JFET-input operational amplifiers onthe TL07_ series are designed aslow-noise versions ofthe TL08_ series 
amplifiers with low input bias and offset currents and fast slew rate. The low harmonic distortion and low noise make 
theTL07_ series ideally suited asamplifiers for high-fidelity and audio preamplifier applications. Each amplifier features 
JFET-inputs (for high input impedance) coupled with bipolar output stages all integrated ona single monolithic chip. 


Device types with an "M" suffix are characterized for operation over the full military temperature range of -55°C 
to 125°C, those with an"I" suffix arecharacterized for operation from - 25°C to85°C. and those with a"C" suffix 
are characterized for operation from 0°C to 70 °C. 


TL070. TL070A 


D. JG. OR P DUAL-IN-LINE PACKAGE 


(TOP VIEW) 


N1/COMP Ql UB 
IN- C 2 
7 
IN+ £3 
VCC- L> 


] COMP 
:vcc+ 
6 3 OUT 
5 3 OFFSET N2 


TL071. TL071A. TL071B 


D. JG. OR P DUAL-IN-LINE PACKAGE 


ITOP VIEW) 


N1/OFFSET •' 
U 8p NC 
IN-C2 
OVCC + 
IN+C3 
6 D OUT 
VCC- C" 
5 3 OFFSET N2 


TL072. TL072A. TL072B 
D. JG. OR P DUAL-IN-LINE PACKAGE 


(TOP VIEW) 


AMPL 


#1 { 


out Qi U sQ vCc; + 
IN- C2 
IN+ C 3 
vcc- L* 


3 OUT 
3 IN — 
3 IN + 


TL075 


N DUAL-IN-LINE PACKAGE 


(TOP VIEW) 


} 


AMPL 


#2 


TL074. TL074A. TL074B 


D. J. OR N DUAL-IN-LINE 


OR W FLAT PACKAGE 


(TOP VIEW) 


Tout Qi UhD°ut1 
ampl I IN_ r-2 
*1 \in+ C3 
vcc+ C" 
AMPL fIN+ CB 
H2 <>-C6 
tOUT C? 


130 IN- !>AMPL 
12 1 IN+ J 
"3 
n 3vCc- 
103in+\ampl 
9TIN- J> #4 
8]OUT J 


AMPL 


niplJ 
1V 
{' 


IN-C 
IN+C 
outC 


#2 i IN+C 
' IN-C 
vcc-C 


7X7,4 


2 
13 
] IN- 
] IN + 
3 OUT 
:vcc+ 
^0UnAMPL 
J IN-J 
} 


AMPL 
#4 


NC —No internal connection 


(0 


a— 
03 
*E 
"5. 
£ 
< 


c 
o 


(0 
a- 
a> 
a 
O 
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TYPES TL070, TL070A. TL071, TL071A, TL071B, 
TL072, TL072A, TL072B, TL074, TL074A, TL074B, TL075 
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS 


TL071 
TL072 
TL074 
FH OR FK CHIP-CARRIER PACKAGE 
FH OR FK CHIP-CARRIER PACKAGE 
FH OR FK CHIP-CARRIER PACKAGE 
(TOP VIEW) 
(TOP VIEW) 
(TOP VIEW) 


tr 
+ 
it 
t 
1 


(J 
r- 
U 
U 
CJ 
o 
° 
2 o ,, o 
2 
z 
z 
z 
z 
z 
Z 
r- 
Z 
> 
z 
rrZt 
t 


3 
2 
1 20 19 
\ 
3 2 1 20 19 \ 
/ 
L-Jl-IT-JL-IL_I \ 
3 
2 
1 20 19 
\ 
NC 3" 
1B[ NC 
NC ]« 
18C NC 
1 IN + 
]4 
18[ 
4 
IN + 
IN— 
]5 
17[ VCC + 
1 IN- 
u 
"[ 2 OUT 
NC ]5 
17? NC 
NC ]6 
16[ 
NC 
NC J6 
16[ 
NC 
vCc + ]6 
16[ Vc.C- 
IN + 
]7 
15[ OUT 
1 IN + 
J7 
15[ 
2 IN- 
NC ]7 
15[ 
NC 
NC Q8 
,4[ 
NC 
NC J8 
14[ NC 
2 
IN + 
]8 
14[ 
3 
IN + 
\ 
9 10 11 1213 / 
\ 
t—If—1 r~If—1r-1 r 
X 
9 10 11 12 13 
/ 
l—1 r—> r—l r-i r—i 
/ 
\ 
9 10 11 12 13 
/ 
\nnnnn/ 
U 
|UNU 


O 


CJ 
| u 
+ 
o 
2 
UZ Z 2 
z 
= 
2 
= z 
So 
o 
? 
> 
CN 
CN 
CN 
CO 
CO 


NC-No internal connection 


schematic (each amplifier) 


TL070ONLY<? 


vCc 


NONINVERTING 


INPUT 


INVERTING 


INPUT 


OFFSET NULL/COMPIN1) 


OFFSET NULL (N2) 


VCC- 


TL071 ONLY 


C1 - 18 pF ONTL071.TL072.TL073. TL074. AND TL075 ONLY. 


COMPONENT VALUES SHOWN AflE NOMINAL 


3-126 
Texas 
Instruments 


POST OFFICE BOX 225012 • 
DALLAS. TEXAS 75265 


symbols 


N1/COMP 


TYPES TL070, TL070A, TL071, TL071A, TL071B, 
TL072, TL072A, TL072B, TL074, TL074A, TL074B, TL075 
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS 


TL071 
TL072 (EACH AMPLIFIER) 


TL074 (EACH AMPLIFIER) 


DEVICE TYPES. SUFFIX VERSIONS, AND PACKAGES 


TL070 
TL071 
TL072 
TL074 
TL075 


TL07_M 
• 
FH, FK, JG 
FH, FK, JG 
FH, FK, J, W 
• 


TL07_I 
D, JG. P 
D, JG, P 
D, JG, P 
D, J. N 
• 


TL07-C 
D, JG. P 
D, JG, P 
D, JG, P 
D, J, N 
N 


TL07_AC 
D, JG, P 
D, JG, P 
D, JG, P 
D, J, N 
* 


TL07_BC 
• 
D, JG, P 
D, JG, P 
D, J, N 
* 


'Those combinations are not dellned by this data sheet. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


TL07_M 
TL07_I 


TL07_C 


TL07_AC 


TL07_BC 


UNIT 


Supply voltage, Vcc+ (see Note 1) 
18 
18 
18 
V 


Supply voltage, Vr;c- (see Note 1) 
- 18 
-18 
-18 
V 


Differential Input voltage (see Note 2) 
±30 
±30 
±30 
V 


Input voltage (see Notes 1 and 3) 
= 15 
±15 
±15 
V 


Duration of output short circuit (see Note 4) 
unlimited 
unlimited 
unlimited 


Continuous total dissipation at (or below) 25 °C free-air temperature (see Note 5) 
680 
680 
680 
mW 


Operating free-air temperature range 
-55 to 125 
-25 to 85 
0 to 70 
°C 


Storage temperature range 
-65 to 150 
-65 to 150 
-65 to 150 
°C 


Lead temperature 1,6 mm (1/16 inch) 


from case for 60 seconds 
J, JG, JH. FK. or W package 
300 
300 
300 
°C 


Load temperature 1.6 mm (1/16 inchl 


from case for 10 seconds 
D, N, or P package 
260 
260 
°C 


NOTES: 1. Allvoltage values, except differentialvoltages, are with respect to the midpointbetween Vfx + BndVCC-- 
2. 
Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
3. The magnitude of the input voltage must never exceed the magnitudeof the supply voltage or 15 volts, whichever is less. 


•t. 
Theoutput may bo shorted to groundor to either supply.Temperatureand/or supplyvoltages must be limitedto ensure that the dissipationrating 


Is not exceeded. 
5. Foroporation above25°C (reo-air temperature, referto Dissipation Derating Curves. Section2. Inthe J andJG packages.TL07_Mchipsarc 
alloy-mounted; TL07_I, TL07_C. TL07_AC. and TL07_BC chips are glass mounted. 


CO 
a- 
.2 


"5. 
E 
< 


"co 
c 
o 


CO 
i- 
03 
Cl 
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TYPES TL071M, TL072M, TL074M 
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS 


electrical characteristics.Vcc 
±15 V (unless otherwise noted) 


PARAMETER 
TEST CONDITIONS' 
TL071M. TL072M 
TL074M 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


V|0 
Input offset voltage 
v0 = o. 


RS - 50 Q 


TA = 25 °C 
3 
6 
3 
9 
mV 
TA = -55°C to 125°C 
9 
15 


"VIO 


Temperature 


coefficient of input 


offset voltago 


V0 =0. 
Rs = 50 0, 


TA = -55° to 125°C 
10 
10 
«V/"C 


llO 
Input offset current* 
v0 - o 
TA = 25 °C 
5 
100 
5 
100 
PA 
TA = -55°C to 125"C 
20 
20 
nA 


'IB 
Input bias current1 
v0 = 0 
TA - 25°C 
30 
200 
30 
200 
pA 
TA - 
-55°C to 125°C 
50 
20 
nA 


V|CR 
Common-mode 


input voltage range 
TA = 25°C 
±11 
±12 
±11 
±12 
V 


V0M 
Maximum peak 


output voltage swing 


TA = 25°C. 
RL = 10 kQ 
i12 
±13.5 
±12 
±13.5 


V 
TA = -55°C to 125°C 
RL a 10 kfl 
±12 
±12 
MHH 
RL 2 2 kQ 
±10 
±12 
±10 
-. 12 
B 
AVD 
Large-signal differential 


voltage amplification 


V0 = ±10 V. 
RL a 2kD. 


TA = 25 °C 
35 
200 
35 
200 


V/mV 


o 
•o 
CD 


03 
«•+ 
5* 


V0 " 
±10 V. 
RL a 2k0, 


TA - 
-55°Cto 125°C 
15 
15 


Bl 
Unity-gain bandwidth 
TA . 
25°C 
3 
3 
MH; 
rj 
Input resistance 
TA = 25°C 
10'2 
10'2 
a 


CMRR 
Common-mode 


rejection ratio 
V|C • V|CR min. 
V0 = 0. 
RS • 50 0, 
TA » 25°C 
80 
86 
80 
86 
dB 


3 


> 
3 


kSVR 


Supply voltage 
rejection ratio 
fAVCC±/AV|ol 


VCC = ±15 V to ±9 V. V0 = 0. 


Rs » 50 0. 
TA = 25°C 
80 
86 
80 
86 
dB 


'cc 
Supply current 


(per amplifiorl 
No load, 
V0 - 0, 


TA - 25"C 
1.4 
2.5 
1.4 
2.5 
mA 


-h 
Vol'V02 Crosstalk attenuation 
AVD = 100. 
TA - 25°C 
120 
120 
1 
dB 


All characteristics are measuredunderopen-loop conditions withzerocommon-modo inputvoltago unlessotherwise specified. 
Input biascurrents ofa FET-input operational amplifier arenormal junction reverse currents, which arotomperaturo sensitive as shown inFigure 11 
techniques must be used that willmaintain the junction temperatures as close to the ambient temperoture as Is possible. 


CD 


to 


3-128 
Texas 
Instruments 


POST OFFICE BOX 225012 • 
OALLAS. TEXAS 75265 


electrical characteristics,Vcc ± 
= 
± 15 V (unless otherwise noted) 


PARAMETER 
TEST CONDITONS' 


TL070I 


TL071I 


TL072I 


TL074I 


TL070C 


TL071C 


TL072C 


TL074C 


TL075C 


TL070AC 


TL071AC 


TL072AC 


TL074AC 


TL071BC 


TL072BC 


TL074BC 
UNIT 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


V|0 
Input offset voltage 
v0 - o, 


RS - 60 0 


TA 
25"C 
3 
6 
3 
10 
3 
6 
2 
3 
mV 
TA 
•= full rango 
8 
13 
7.5 
5 


°VIO 


Temperature 


coefficient of input 


offset voltage 


Vo - 
0, 
Rs • 
50 0. 


TA • 
full range 
10 
10 
10 
10 
pVI°C 


to 
Input offsot current' 
v0 = 0 
TA = 25 °C 
5 
100 
5 
100 
5 
100 
5 
100 
pA 


TA 
full rango 
10 
2 
2 
2 
nA 


'IB 
Input bias current* 
v0 = o 
TA - 
25 °C 
30 
200 
30 
200 
30 
200 
30 
200 
pA 


TA • 
full range 
20 
7 
7 
7 
nA 


V|CR 
Common-mode 


input voltage range 
TA . 
25°C 
±11 
±12 
±11 
±12 
±11 
±12 
±11 
±12 
V 


VOM 
Maximum peak 


output voltage swing 


TA = 25°C, 
RL - 
10 kQ 
±12 
±13.5 
±12 
±13.5 
±12 
±13.5 
±12 
±13.5 


V 
TA - 
full rango 
RL = a 
10 kll 
±12 
±12 
±12 
±12 


RL a 2 kil 
±10 
±12 
±10 
±12 
±10 
±12 
±10 
±12 


AVD 
Largo-signal differential 


voltago amplification 


V0 = ±10 V. 
Rl 2 2 kQ. 


TA = 25 °C 
50 
200 
25 
200 
50 
200 
50 
200 


V/mV 
V0 = ±10 V. 
RL a 2 kO, 


TA 
full rango 
25 
15 
25 
25 


Bl 
Unity-gain bandwidth 
TA 
25°C 
3 
3 
3 
3 
MHz 


r. 
Input resistance 
TA - 
25 °C 
10'2 
10<2 
10" 
10'2 
Q 


CMRR 
Common-modo 


rejection ratio 


V|C • V,CR min. V0 - 0. 


RS = 50 0. 
TA - 25°C 
80 
86 
70 
86 
80 
86 
80 
86 
dB 


kSVR 


Supply voltage 


rejection ratio 


UVCClUV|0l 


Vqc " 
± 15 V to ± 9 V. V0 
• 0. 


Rs » 50 Q, 
TA = 25°C 
80 
86 
70 
86 
80 
86 
80 
86 
dB 


'cc 
Supply current 


Ipor amplifier) 


No load. 
V0 
• 0. 


TA = 25°C 
1.4 
2.5 
1.4 
2.5 
1.4 
2.5 
1.4 
2.5 
mA 


V0l'vo2 Crosstalk attenuation 
AVD - 
100. 
TA • 25 °C 
120 
120 
120 
120 
dB 


'All characteristics are moasured under open-loop conditions with zero common-mode input voltage unless othorwise specified. Full rango for TA is 25°C to 85°C for TL07_I and 0°C to 70°C 


for TL07_C. TL07_AC. and TL07_BC. 
'input bias currents of a FET-input operational amplifier are normal junction reverse currents, which aro temperature sensitive as shown in Figure 18. Pulse techniques must be used that will 
maintain tho junction temperatures as close to the ambient temperature as Is possible. 


Operational Amplifiers D 
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TYPES TL070, TL070A, TL071, TL071A, TL071B, 
TL072, TL072A, TL072B, TL074, TL074A, TL074B, TL075 
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS 


operating characteristics, Vcc± = ±15 V, Ta = 25°C 


PARAMETER 
TEST CONDITIONS 
TL07_M 
ALL OTHERS 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


SR 
Slew rate at unity gain 
V| = 10 V. 
RL = 2 k«, 


C[_ = 100 pF, 
See Figure 1 
10 
13 
8 
13 
V/^s 


tr 
Rise time 


Overshoot factor 


V| = 20 mV. 
RL = 2 kfi, 


C[_ = 100 pF, 
See Figure 1 


0.1 
0.1 
>"S 
10 
10 
% 
Equivalent input 


n 
noise voltage 
Rs = 100n 
f 
= 
1 kHz 
18 
18 
nV/sTRz 


f 
= 
10 Hz to 10 kHz 
4 
4 
nV 
Equivalent input 
n 
noise current 
RS = 100 n. 
f = 1 kHz 
0.01 
0.01 
pA/sfHi 


Total harmonic 


distortion 
Vo(rms) = 10 V, RS s 
1 kQ. 
RL i 
2 kfl, 
f = 1 kHz 
0.003 
0.003 
% 


PARAMETER MEASUREMENT INFORMATION 


ioo kn 


~ 
FIGURE 1-UNITY-GAIN AMPLIFIER 
FIGURE 2-GAIN-OF-10 INVERTING AMPLIFIER 
FIGURE 3-FEEDFORWARD 


COMPENSATION 
CD 


c/> 
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INPUT OFFSET VOLTAGE NULL CIRCUITS 
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MAXIMUM PEAK OUTPUT VOLTAGE 


FREQUENCY 


g 
MO 


100 
Ik 
10k 
100k 
1M 
10M 
f-Frecutncv-Hi 


MAXIMUM PEAK OUTPUT VOLTAGE 


FREE-AIR TEMPERATURE 


3 
i 
!2.5 


RL- lOkSl 


Rl -?k(l 


VCC?-=15V 
Sm Figure 2 


-75 -50 -25 
0 
25 
50 
75 
100 
125 


TA-Frw-Air Ttmptr«tuft-*C 


TOTAL POWER DISSIPATED 


FREE-AIR TEMPERATURE 


? 
175 


vcc-• 
• IV 


No load 
| 
| 
TL074. TL075 


TL072 
i "5 
£ 
100 


-50 -25 
0 
26 
50 
75 
100 
125 


TA-F(«-Air Ttmotfiturt- C 


TYPES TL070, TL070A, TL071, TL071A, TL071B, 
TL072, TL072A, TL072B, TL074, TL074A, TL074B, TL075 
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS* 


MAXIMUM PEAK OUTPUT VOLTAGE 


FREQUENCY 


100 
Ik 
10k 
100k 
1M 
10M 


1-Freoutncy-FU 


FIGURE 7 


MAXIMUM PEAK OUTPUT VOLTAGE 


LOAD RESISTANCE 


* 
>7.6 


vcc 
Ta- 


• - :15V 
25"C 


iflu 


* / 


/ / 
/ 
i" 


0.2 
0.4 
0.7 
1 
2 
4 
RL-Lo*l Rtiiiuna-kn 


FIGURE 10 


SUPPLY CURRENT PER AMPLIFIER 


FREE-AIR TEMPERATURE 


vcc1" 


No load 


0.2 


0 
-75 -55 
-25 
0 
25 
50 
75 
100 
125 


Ta-F'SC-Air Ttmp»rlTurf-*C 


FIGURE 13 


MAXIMUM PEAK OUTPUT VOLTAGE 


FREQUENCY 


10 k 
40 k 
100 k 
400 k 
1M 
4M 
10 M 
f-Frequencv-H* 


FIGURE 8 


MAXIMUM PEAK OUTPUT VOLTAGE 


SUPPLY VOLTAGE 


J 112-6 


RL- lOktl 
TA- 25°C 


/ 


2 
4 
6 
8 
10 
12 
14 
16 


IVcC:l-SuPPlv Voluge-V 


SUPPLY CURRENT 


SUPPLY VOLTAGE 


U 


1 
•25°C 
No ttgnjl 


4 
6 
8 
10 
12 
14 
16 


IVCC: I-Supply Voluge-V 


' Data at h 


capacitor 
igh and low tompcratures aro applicablo only within the rated operating free-air temperature ranges of tho various devices. A 18-pF compensation 


is used with TL070 and TL070A. 


V) 
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TYPES TL070, TL070A, TL071, TL071A, TL071B, 
TL072, TL072A, TL072B, TL074, TL074A, TL074B, TL075 
LOWNOISE JFET-INPUT OPERATIONAL AMPLIFIERS 


o 
•o 
CD 
•* 
Q) 
f¥ 
a 
o 
3 
a 


Q> 
i 
•E 


> 


° 


3 
"Q 


-4i 


(T> 


</> 


FREE-AIR TEMPERATURE 


1CO 


too 


MO 


ion 


™3 


40 


10 
7 


4 
• vo- ;iov 
2 r«L 


-75 -50 -25 
0 
25 
50 
75 
100 
125 


TA-Fft*-Aif T*mp#r«urt-"C 


INPUT BIAS CURRENT 


FREE-AIR TEMPERATURE 


-50 
-25 
0 
25 
50 
75 
100 
125 


TA-Fte»Air Tempetalurt-'C 


COMMON-MODE REJECTION RATIO 


FREE-AIR TEMPERATURE 


3 
%I 87 


Vcc: • '15 V 
RL- lOkll 


-75 -50 -25 
0 
2S 
50 
75 
100 
175 


TA-Free-AirTempcTalure-'C 


FIGURE 21 


TYPICAL CHARACTERISTICS* 


LARGE-SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 
and PHASE SHIFT 


10 
100 
1 k 
10k 
100k 
I M 
10M 


t-fttQutncy-Ht 


NORMALIZED UNITY-GAIN BANDWIDTH 
ind PHASE SHIFT 


TL070 


DIFFERENTIAL VOLTAGE AMPLIFICATION 


FREQUENCY WITH FEED FORWARD COMPENSATION 


CO • "16V 


\ 
s 


See Figufe 3 


\ 
V 
\ 
\ 
\ 
10 k 
100 k 
1M 
10 M 


»-Hi 


FREE-AIR TEMPERATURE 


NORMALIZED SLEW RATE 


FREE-AIR TEMPERATURE 
1.03 
1.15 


1.02 
1.10 


A 
S 
,05 
i 


B 


a go 


z 


o 08 
0.90 


I 
I 
i 
Vccs • 1 16 V 
RL-2kl) 
_ 
Cl-i 90 pF 


X 


-75 -50 -25 
0 
25 
50 
75 
100 
175 
TA-Free-Air Temperatuie- C 


FIGURE 19 


EQUIVALENT INPUT NOISE VOLTAGE 


FREQUENCY 


40 
100 
400 
1 k 
4k 10k 
40H00k 
f-Fttoutncy-Mj 


-75 -50 
-25 
0 
26 
50 
75 
100 
125 
Ta-Fim-Aii Tempeiature-*C 


FIGURE 20 


TOTAL HARMONIC DISTORTION 


FREQUENCY 


5 
0.1 
5 
oa 
004 


E 
ooi 


*70.004 


= 
: ::: :• 
• i ;;•;;; 


— *VO " 1 
— V|(RMSJ-6V 
:: 
: 


/ 


/ 
/ 


.... 
1 


400 
Ik 
4k 
10k 


f-FiequeocY-Hj 


FIGURE 23 


1Dataat highandlowtemperatures are applicable onlywiththe ratedoperating free-air temperature rangesof the vaiousdevices.A 18-pF compensation 
capacitor is used with TL070 and TL070A. 


3-132 
Texas 
Instruments 


POST OFFICE BOX 225012 • 
DALLAS. TEXAS 75265 


TYPES TL070, TL070A, TL071, TL071A, TL071B, 
TL072, TL072A, TL072B, TL074, TL074A, TL074B, TL075 
LOWNOISE JFET-INPUT OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 


VOLTAGE-FOLLOWER 
LARGE-SIGNAL PULSE RESPONSE 


VCC:' 
11 V 
1 
, "L 


/ou 
PUT V 


•26* 
c 
1 
\ 
/ 
\ 


' 
If PUT \ 


—' 
L„ 
\ 


0 
0.5 
I 
15 
2 
2.5 
3 
15 
t-Timt-pi 


FIGURE 24 


OUTPUT VOLTAGE 


ELAPSED TIME 


OV ERSHOOT 


i 
to I 
// 


10* 
vcc :- :15 V 


•• 
Ta 
2S"C 


1 
0 
0.1 
02 
OJ 
0.4 
0.5 
0.6 
0.7 


t—Timt-#a 


TYPICAL APPLICATION DATA 


Cf"3.3pF; 


rf - ioo kn 
VA 


3.3 kft 
ps^ 
I 


TL071>—I 


1 


—WV 
3.3 kS2 


2rr Rp Cp 


FIGURE 26-0.5-Hz SQUARE-WAVE OSCILLATOR 


k<> 


9.1 kI2 


i win 


FIGURE 28-AUDIO DISTRIBUTION AMPLIFIER 


TL07V> 
f 
OUTPUT 


VCC- 


R1 = R2= 2R3= 1.5 MSI 


C3 
CI -C2 = — 
• 110 pF 


2rr R1C1 


FIGURE 27-HIGH-Q NOTCH FILTER 
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TYPES TL070, TL070A, TL071, TL071A, TL071B, 
TL072, TL072A, TL072B, TL074, TL074A, TL074B, TL075 
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS 


18 pF 


TYPICAL APPLICATION DATA 


6 sin idt 
Q 


18 pF 
-it- 
vcc* 


vcc- 


88.4 k<! 
_»vW— 


1N4148 


18 pF 
ne- 


1/2 
TL072 


>VCCH 


18k>i (See Note Al 
-Wv 
0-15V 


X/^ovcc- £,, 


-Wv 
0*15 V 
18kli (See Note A) 


Note A: These resistor values may be adjusted for a symmetrical output. 


FIGURE 29-100-KHz QUADRATURE OSCILLATOR 


IC PREAMPLIFIER RESPONSE CHARACTERISTICS 


ie 
| 
,0 
I 
5 
1 ° 
i- 
o 
-10 
> 
-16 


-20 


-25 


V.M|Li 
MAX 
VCci-ilOV 
TREBLE J 


\ r 
So Figure 32 
Ijfif 
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s' 
/ 


\ 
V 


\ 


MIN 


'. 
'"flS 
i 
M 
1 


20 
40 
100 200400 
Ik ?.4k 
JO k 20 k 
l-Fftou-KKy-Hr 


FIGURE 30-AC AMPLIFIER 


r—»>| 100(1 
BALANCE 
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FIGURE 32-IC PREAMPLIFIER 
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LINEAR 
INTEGRATED 
CIRCUITS 


TYPES TL080 THRU TL085, TL080A THRU TL084A 
TL081B, TL082B, TL084B 
JFET-INPUT OPERATIONAL AMPLIFIERS 
D2297, FEBRUARY 1977-REVISED SEPTEMBER 1983 


24 DEVICES COVER MILITARY. INDUSTRIAL AND COMMERCIAL TEMPERATURE RANGES 


• 
Low-Power Consumption 


» 
Wide Common-Mode and Differential 
Voltage Ranges 


Low Input Bias and Offset Currents 


Output Short-Circuit Protection 


Low Total Harmonic 
Distortion . . . 0.003% TYP 


High Input Impedance . . . JFET-lnput 
Stage 


Internal Frequency Compensation (Except 
TL080, TL080A) 


Latch-Up-Free Operation 


High Slew Rate ... 13 V//is Typ 


TL080. TL080A 


JG OR P DUAL-IN-LINE PACKAGE 


(TOP VIEWI 


TL081. TL081A. TL081B 


JG OR P DUAL-IN-LINE PACKAGE 


(TOP VIEW) 


TL082. TL082A. TL082B 


JG OR P DUAL-IN-LINE PACKAGE 


(TOP VIEW) 


N1/COMP Ql Q 8p COMP 
OFFSET N1 Ql U sQ NC 
IN- £2 
7lVCC + 
IN+ C 3 
6 ] OUT 
Vcc- C« 
BDOFFSET N2 


{out pi U eQ Vcc + 
IN- £2 
7 J OUT 
IN+ Q3 
6 llN- 
IN- C 2 
IN+ C 3 
vcc - C4 


:vcc+ 
Dour 
2 OFFSET N2 


TL081M . . . FH OR FK 


CHIP CARRIER PACKAGE 


(TOP VIEW) 


vcc- C 
5 1 IN + 


TL082M . . . FH OR FK 


CHIP CARRIER PACKAGE 


(TOP VIEW) 


(JU.UUU 
Z 
O 
Z 
Z 
Z 


3 2 1 20 19 \ 


NC ]4 
18C NC 
IN- 
]B 
17[ vcc + 
NC ]6 
16[ 
NC 


IN + 
]7 
15[ 
OUT 


NC ]8 
14[ 
NC 
\ 
9 10 11 12 13 / 
\nnnnn/ 
CJ 
| 
U 
^ 
U 
2 
CjZ Z 
2 


vc 


OFFSET 


ternal conr ection 


D 
+ 
O 
u 
cj r- 
cj 
u 
a 
Z 
w 
2 
> 
Z 


/ 
3 


i 
11— 
2 
1 


L_] 
20 19 \ 


NC ]4 
18 [ 
NC 


# 1 IN - 
]8 
17l 
#2 OUT 


NC ]6 
16[ 
NC 


# 1 
IN + 
]7 
18[ 
#2 IN- 


NC ]8 
14L NC 


\ 
9 
10 11 
i—11—i 12 13 
/ 
i—ir-i / 


I U 
+ 
u 
u2 z 
z 


DEVICE TYPES. SUFFIX VERSIONS. AND PACKAGES 


TL080 
TL081 
TL082 
TL083 
TL084 
TL085 


TL08_M 
JG 
FH. FK. JG 
FH, FK. JG 
FH. FK, J 
FH 
FK. J. W 
TL08_I 
JG. P 
JG. P 
JG. P 
J. N 
J. N 
• 


TL08_C 
JG. P 
JG. P 
JG. P 
J. N 
J. N 
N 


TL08_AC 
JG. P 
JG. P 
JG, P 
J. N 
J. N 
• 


TL08-BC 
• 
JG. P 
JG. P 
J. N 
• 


'These combinations are not defined by this data sheet. 


AMPL 
#2 


I— 


a 
E 
< 


15 
c 
o 
'& 
(0 
I— 
a) 
a 
O 


Copyright 
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CO 


TYPES TL080 THRU TL085, TL080A THRU TL084A 
TL081B, TL082B, TL084B 
JFET-INPUT OPERATIONAL AMPLIFIERS 


TL083. TL083A 


J OR N DUAL-IN-LINE PACKAGE 


(TOP VIEWI 


#1 IN- ni Ui4p #1 OFFSET N1 
#1 IN+ Q2 
13] VCC + 
123 #1 0UT 
11 ] NC 
10T #2 OUT 


9 1 VCC + 
8 ] a2 OFFSET N1 


TL084. TL084A. TL084B 


J OR N DUAL-IN-LINE PACKAGE 


(TOP VIEW) 


AMPL 


LjN+ 
vc 
{ 


- C2 
C3 
vcc+ C4 
IN+ C 5 
IN- Ce 
.OUT C ? 


TCTit] out 
13] IN- 
3 IN 
D vcc- 
n in+ 
D IN- 
D OUT. 
:} 
> 


AMPL 
#4 
#1 OFFSET N2 Q 3 
vcc- C4 
#2 OFFSET N2 [ 5 
#2IN+ Q6 
#2 IN- rj7 


Pins 9 and 13 are internally interconnected 


TL083M . . . FH OR FK 


CHIP CARRIER PACKAGE 


(TOP VIEW) 


Z 
t 
CO 
+ 
z 
z 
£ 
£ 
o 
+ 
CJ 
«- 
u 
«- 
o 
* 
z 
** 
> 


3 
2 
1 20 19 
#1 OFFSET N2 ]4 
NC ]5 
VCC- 
]6 
NC ]7 
#2 OFFSET N2 ]e 


18 [ 
tf.1 OUT 
17[ NC 
16[ NC 
I5[ NC 
14[ *2 OUT 


9 
10 11 
12 13 


z 
z 


CN 
CN 


u 
»- 
+ 
z 
z 
u 


UL 
U. 
o 


CN 


TL085 


N DUAL-IN-LINE PACKAGE 


(TOP VIEW) 


IN- Ql ^14Q IN 
AMPL 


s 
1PL f 


{ 


IN+ C2 
OUTC3 
OUTQ4 
IN+ £5 
IN- He 
vcc- C? 


12 DOUTJ 
S4 


11 Dvcc + 
10 1 OUT^l 


8TIN-/ 
*3 


AMPL 


AMPL 
#2 


NC—No internal connection 


symbols 


AMPL 
#2 


AMPL 
#3 


♦ 


TL084M . . . FH OR FK 


CHIP CARRIER PACKAGE 


(TOP VIEW) 


? 
o 
o 
? 


— t- 
CJ 
t 
t 
=2: 
S* 
2 
* 
* 


S 
3 
2 
1 
20 19 \ 


#1 IN + 
]4 
18[ 
#4 IN + 
NC P5 
"L NC 
vcc + 
Je 
»6£ vcc- 
NC J7 
151 NC 
#2 IN + 
J8 
14[ 
#3 IN + 


\ 
9 
10 
.a. 
11 
Q 
12 13 
nn / 


I 
I- CJ I- 
| 
-J. 3 2 3 ^ 


W 
CN 
CO CO 
at 
at 
at 
at 


-OUT 


TL081 


TL083 [each amplifier) 


TL082 (each amplifier) 


TL084 (each amplifier) 


TL085 (each amplifier) 


OUT 
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TYPES TL080 THRU TL085, TL080A THRU TL084A 
TL081B, TL082B, TL084B 
JFET-INPUT OPERATIONAL AMPLIFIERS 


description 


The TL08 _ JFET-input operational amplifier family is designed to offer a wider selection than any previously developed 
operational amplifier family. Each of these JFET-input operational amplifiers incorporates well-matched, high-voltage 
JFET and bipolar transistors in a monolithic integrated circuit. The devices feature high slew rates, low input bias 
and offset currents, and low offset voltage temperature coefficient. Offset adjustment and external compensation 
options are available within the TL08_ family. 


Device types with an "M" suffix are characterized for operation over the full military temperature range of -55°C 
to 125°C. those with an "I" suffix are characterized for operation from -25°Cto 85 °C, and those with a "C" suffix 
are characterized for operation from 0°C to 70 °C. 


schematic (each amplifier) 


NONINVERTING 


INPUT IN- 
INVERTING 
INPUT IN- 


! OFFSET NULL/COMP INI 


OFFSET NULL IN2I ---+ 


COMP 


OFFSET 
OFFSET 


NULL 
NULL 
INI) 
IN2I 


CI • 18pFonTL081. TL082. TL083. TL084. AND TLOMONLY 
IINCLUOING THEIR SUFFIX VERSIONS) 


COMPONENT VALUES SHOWN ARE NOMINAL 


TL081 AND TL083 ONLY 
absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


TL08_M 
TL08_I 


TL08_C 


TL08_AC 


TL08_BC 


UNIT 


Supply voltage. Vqq + (see Note 1) 
18 
18 
18 
V 
Supply voltage. Vrjc- (see Note 1) 
-18 
- 18 
-18 
V 
Differential input voltage (see Note 2) 
±30 
±30 
±30 
V 
Input voltage (see Notes 1 and 3) 
- 15 
±15 
• 15 
V 
Duration o( output short circuit (see Note 4) 
unlimited 
unlimited 
unlimited 
Continuous total dissipation at (or below) 25 °C free-air temperature (see Note 5) 
680 
680 
680 
mW 
Operating free-air temperature range 
-55 to 125 
-25 to 85 
0 to 70 
°C 
Storage temperature range 
-65 to 150 
65 to 
150 
-65 to 150 
°C 
Lead temperature 1,6 mm (1/16 inch) 


from case for 60 seconds 
FH. FK. J, JG, or W package 
300 
300 
300 
°c 


Lead temperature 1.6 mm (1 16 inch) 


from case for 10 seconds 
N or P package 
260 
260 
°c 


NOTES: I. All voltage values, exceptdifferential voltages, are with respect to the midpoint between V(;c+ andVfjc-- 
2. Differential voltages are at the noninvertinginput terminal with respect to the invertinginput terminal, 
3. The magnitude of the input voltagemust neveroxceedthe magnitude of the supply voltageor 15 volts, whichever is loss. 
4. Theoutputmay boshorted toground ortoeither supply. Tomperaturo and/or supply voltages mustbolimited toensurethatthedissipation rating 


Is not exceeded. 
5. Foroperation above 25°C free-air temperature, refor to Dissipation Derating Curves in Section2. Intho J and JG packages,TL08_M chips 
ore alloy-mounted; TL08_I, TL08_C. TL08_AC, and TL08_BC chips are glass-mounted. 


CO 
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TYPES TL080M, TL081M, TL082M, TL083M, TL084M 
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS 


electrical characteristics, Vcc ± 
= 
± 15 V {unless otherwise noted) 


PARAMETER 
TEST CONDITIONS' 


TL080M, TL081M 


TL082M. TL083M 
TL084M 
UNIT 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


V|0 
Input offset voltage 
V0 - 0. 


RS - 
50 n 


TA = 25 °C 
3 
6 
3 
9 
mV 
TA = -55°C to 125°C 
9 
15 


aVIO 


Temperature 


coefficient of input 


oflset voltage 


V0 - 0, 
R$ " 50 n. 


TA = -55°C to 125°C 
10 
10 
aWC 


"10 
Input offset current' 
V0 . 0 
TA = 25°C 
5 
100 
5 
100 
pA 


TA = -55°Cto 125°C 
20 
20 
nA 


'IB 
Input bias current5 
V0 = 0 
TA - 
25°C 
30 
200 
30 
200 
pA 


TA = -55°C to 125°C 
50 
20 
nA 


V|CR 
Common-mode 


input voltage range 
TA - 25°C 
±11 
±12 
±11 
±12 
V 


VOM 
Maximum peak 


output voltage swing 


TA • 25°C. 
RL • 10 kf) 
112 
±13.5 
r12 
±13.5 


V 
TA = -55°C to 125°C 
RL «: 10 kD 
i12 
:12 


RL a 2 kfl 
-10 
±12 
ilO 
±12 


AVD 
Largo-signal differential 


voltage amplification 


V0 = ±10 V. 
RL a 2 kfl. 


TA = 25°C 
25 
200 
25 
200 


V/mV 
V0 = :10 V, 
RL a 2 kfl. 


TA = -55°C to 125°C 
15 
15 


B1 
Unity-gain bandwidth 
TA = 25 °C 
3 
3 
MHz 


r| 
Input resistance 
TA . 
25°C 
10" 
10'2 
Q 


CMRR 
Common-mode 


rejection ratio 


V|C . Vicr min. 
V0 = 0. 


RS o 50 0. 
TA = 25°C 
80 
86 
80 
86 
d3 


ksvR 


Supply voltage 
rejection ratio 
avcc±/AV|0i 


VCC = ±15 Vto ±9 V. V0 = 0. 


RS - 50 0. 
TA = 25"C 
80 
86 
80 
86 
dB 


'CC 
Supply current 


(per amplifier) 


No load. 
Vq = 0, 


TA = 25 °C 
1.4 
2.8 
1.4 
2.8 
mA 


Vol 
••' 
2 Crosstalk attenuation 
AVD = 100, 
TA • 25°C 
120 
120 
dB 


'All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. 
'input biascurrents of a FET-input operationalamplifierare normaljunctionreversocurrents, whicharc temperature sensitive as shown in Figure18. Pulso 
techniques must be used that will maintain the junction temperatures as close to the ambient temperature as is possible. 
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electrical characteristics, Vcc ± 
= ±15 V (unless otherwise noted) 


PARAMETER 
TEST CONDITONS • 


TL080I 


TL0811 


TL082I 


TL083I 


TL084I 


TL080C 


TL081C 


TL082C 


TL083C 


TL084C 


TL085C 


TL080AC 


TL081AC 


TL082AC 


TL083AC 


TL084AC 


TL081BC 


TL082BC 


TL084BC 


UNIT 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


V|0 
Input offset voltage 
V0 > 0, 


RS - 50 Q 


TA - 25°C 
3 
6 
3 
15 
3 
6 
2 
3 
mV 
TA = lull range 
9 
20 
7.5 
5 


«VIO 


Temperaturo 


coefliciont of input 


offset voltage 


Vq » 0. 
Rs = 50 0, 


TA - full range 
10 
10 
10 
10 
;iV/°C 


'|0 
Input offset current' 
V0 
0 
TA - 25°C 
5 
100 
5 
200 
5 
100 
5 
100 
pA 


TA = full range 
10 
2 
2 
2 
nA 


'IB 
Input bias current* 
v0 - 0 
TA . 
25°C 
30 
200 
30 
400 
30 
200 
30 
200 
pA 


TA = full range 
20 
10 
7 
7 
nA 


V|CR 
Common-modo 


input voltage range 
TA . 25°C 
±11 
±12 
±11 
±12 
±11 
±12 
±11 
±12 
V 


VOM 
Maximum peak 


output voltage swing 


TA - 25°C. 
RL 
10 kQ 
±12 
± 13.5 
±12 
±13.5 
±12 
±13.5 
±12 
±13.5 


V 
TA « full range 
RL = a 10 kfl 
±12 
±12 
±12 
±12 


RL a 2 ktl 
±10 
±12 
•10 
±12 
±10 
±12 
±10 
±12 


V/mV 
AVD 
Large-signal differential 


voltage amplification 


Vq 
±10 V. 
RL a 2 kQ. 


TA 
25°C 
50 
200 
25 
200 
50 
200 
50 
200 


V0 
•• 10 V, 
RL a 2 kfl, 


TA » full range 
25 
15 
25 
25 


Bl 
Unity-gain bandwidth 
TA = 25 °C 
3 
3 
3 
3 
MHz 


rj 
Input resistance 
TA - 
25 °C 
10'2 
10<2 
1012 
10'2 
11 


CMRR 
Common-modo 


rejection ratio 


V|C • VICR -"in, V0 = 0. 
RS » 50 a. 
TA - 25°C 
80 
86 
70 
86 
80 
86 
80 
86 
dB 


kSVR 


Supply voltage 


rejection ratio 


UVCC±/AV|0I 


VCC - 
± 15 V to ± 9 V, V0 = 0. 


RS - 50 Q. 
TA - 25°C 
80 
86 
70 
86 
80 
86 
80 
86 
dB 


ice 
Supply current 


Iper amplifiorl 


No load, 
Vo = 0. 
TA - 25°C 
1.4 
2.8 
1.4 
2.8 
1.4 
2.8 
1.4 
2.8 
mA 


V01/V0: Crosstalk attenuation 
AVD = 100. 
TA - 25°C 
120 
120 
120 
120 
dB 


'Allcharacteristics aremeasured under open-loop conditions with zerocommon-mode input voltage unless othorwiso specified. Full range forTA Is25°Cto 85°CforTL08_I and0°C to 70°C 


for TL08_C. TL08_AC. and TL08_BC. 
'input biascurrents of a FET-input operational amplifier are normal junction reverse currents, which are temperature sensitive as shown inFigure 18. Pulse techniques mustbe usedthat will 
maintain the junction temperatures as close to the ambient temperature as is possible. 
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TYPES TL080 THRU TL085, TL080A THRU TL084A 
TL081B, TL082B, TL084B 
JFET-INPUT OPERATIONAL AMPLIFIERS 


operating characteristics, Vcc± 
= ±15 V, Ta = 25 °C 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


SR 
Slew rate at unity gain 
V| = 10 V. 
RL = 2 kfl. 
Cl = 100 pF, 
See Figure 1 
8 
13 
V/Ms 


tr 
Rise time 
V| = 20 mV, 
RL = 2 kfl. 
Cl = 100 pF, 
See Figure 1 


0.1 
us 
Overshoot factor 
10% 


Vn 
Equivalent input noise voltage 
RS = 100 fl 
f 
= 
1 kHz 
18 
nV/VHz 


f 
= 
10 Hz to 10 kHz 
4 
fV 


In 
Equivalent input noise current 
RS = 100 a 
f = 1 kHz 
0.01 
pA\'Hz 


THD 
Total harmonic distortion 
Voirms) = 10 V, 
RS<; 1 kfl. 
RL £ 2 kO. 
f = 1 kHz 
0.003% 


CC= 18 pF 


for TL070 


and TL070A 


PARAMETER MEASUREMENT INFORMATION 


FIGURE 1-UNITY-GAIN AMPLIFIER 
FIGURE 2-GAIN-OF-10 INVERTING AMPLIFIER 
FIGURE 3-FEED-FORWARD 


COMPENSATION 


INPUT OFFSET VOLTAGE NULL CIRCUITS 
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MAXIMUM PEAK OUTPUT VOLTAGE 


FREQUENCY 


10k 
100k 
1M 
f-FtequtncY-Hf 


MAXIMUM PEAK OUTPUT VOLTAGE 


FREE-AIR TEMPERATURE 


hi 


RL- lOkSI 
Rf ZkSl 


VCC?"-115 V 
Sm Figure 2 


* 
:7 


-75 -50 -25 
0 
25 
50 
75 
100 
125 
T^-Fiaa Air Tempefatu't- C 


LARGE-SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 


1 000 
700 


400 


FREE AIR TEMPERATURE 


; 


• Vcci -115V 
v0- 'iov 
[«L -2k 1 


TYPES TL080 THRU TL085, TL080A THRU TL084A 
TL081B, TL082B, TL084B 
JFET-INPUT OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICSt 


MAXIMUM PEAK OUTPUT VOLTAGE 


FREQUENCY 


Ik 
10 k 
100 k 
IM 
10 M 
l-Frequancv-Hf 


FIGURE 7 


MAXIMUM PEAK OUTPUT VOLTAGE 


LOAD RESISTANCE 


VCC 
Ta- 
SwF 
25* 


15V 


c 
t2 
^ 


/ 


/ 
/ 
/ 
1 
. 1.1 
02 
0.4 
0.7 
I 
2 
4 
Rl-Load Rcmunn-kll 


LARGE SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 
and PHASE SHIFT 


3 105 
! 104 
I| 
,03 


a 
| 
102 


\ '0' 
> 
< 


1 


Vcc-:6 V 1 
RL- lOktl 
•Ta-26'C 


. DIFFERENTIAL — 


VOLTAGE 
AMPLIFICATION 


lltft loltl 


PHASE SHIFT 
(fight icala) 


A 


0 
Ik 
10k 
100k IM 
10M 


f-Fiequancv-Hr 


MAXIMUM PEAK OUTPUT VOLTAGE 


FREQUENCY 


10k 
40k 
100k 
400k 
IM 
4M 
10M 
l-Fffqu«ncv-Hl 


FIGURE 8 


MAXIMUM PEAK OUTPUT VOLTAGE 


SUPPLY VOLTAGE 


$ :12.5 


I 
MO 
I 


RL- 10k!l 
TA-25'C 
| 
L 


/ 


| 
2 
h !?.b 


i 
6 
B 
10 
12 
14 


IVcC:l-SuPPlv Voltage-V 


FIGURE 11 


iLoao. noaOA 
DIFFERENTIAL VOLTAGE AMPLIFICATION 


FREQUENCY WITH FEED FORWARD COMPENSATION 


10« 
Vcc- =15 V 
C2 • 3 pF 
N 
\ 


Saa Fi jura 3 


S 
\ 
\ 
\ 
\ 
10k 
100k 


1-FiaquencY-Hf 
-75 
-50 -25 
0 
25 
50 
75 
100 
125 


TA-Fraa-Air Tamparatura—C 


FIGURE 12 
FIGURE 13 
'Data at high and low temperatures oro applicable only within therated operating free-air temperature ranges ofthevarious dovicos. A12-pF compensation 


capacitor is used with TL080 and TL08OA. 


FIGURE 14 
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TYPES TL080 THRU TL085, TL080A THRU TL084A 
TL081B, TL082B, TL084B 
JFET-INPUT OPERATIONAL AMPLIFIERS 


TOTAL POWER DISSIPATED 


FREE-AIR TEMPERATURE 


vcc 
5V 


No load 


TL084.TL08S 


, 
I 
0S2. TLC3 


-75 -50 -25 
0 
25 
50 
75 
100 
125 


TA-Fraa-AIr Tampafature— C 


FIGURE 15 


INPUT BIAS CURRENT 


FREE-AIR TEMPERATURE 


Vcc: - =15 V~= 


10 
1/ 


f 
t~ = 


g ci 
1 1 1 1 
-50 
-25 
0 
2S 
50 
75 
100 
125 


TA-Frt«Air T«mp«rjlur«— C 


COMMON MODE REJECTION RATIO 


FREE-AIR TEMPERATURE 


VCCl - =15 V 
RL-10kil 


-75 -60 
-2S 
0 
25 
50 
75 
100 
12S 
TA-Fiaa-AtfTamparatort-'C 


TYPICAL CHARACTERISTICS t 


SUPPLY CURRENT PER AMPLIFIER 


FREE-AIR TEMPERATURE 


vcct- ;15 v 


No load 


-75 -50 
_2S 
0 
25 
50 
75 
100 
125 


TA-Fraa-AIr Tampatatura-*C 


VOLTAGE-FOLLOWER 
LARGE-SIGNAL PULSE RESPONSE 


3 
-2 


vcct- 
15 V 
J 
|"l 
/ol rpui 
' 


- a 
C 
/ 
\ 
/ 


IK Mil \ 


, 


0 
05 
I 
1.5 
2 
25 
3 
35 


t-Tima-uS 


FIGURE 19 


EQUIVALENT INPUTNOISEVOLTAGE 


FREQUENCY 


40 100 
400 1k 
4k 10k 
40k100k 


l-Fraouency-Hi 


SUPPLY CURRENT 


SUPPLY VOLTAGE 


.TA •2S*C 
No ligna 


4 
6 
8 
10 
12 
14 
IS 


IvCCl I-Supply Voltaoa-V 


FIGURE 17 


OUTPUT VOLTAGE 


ELAPSED TIME 


lis 


f OVERSHOOT 


_i 


90i 
/ 
// 


10 . 
vcc 
Ri 
TA 
2U1 
25*C 


- 


5 V 


_ 


0.1 
0.2 
OJ 
0.4 
0.5 
0.6 
0.7 


l-Thnt-m 


FIGURE 20 


TOTAL HARMONIC DISTORTION 


FREQUENCY 


:::: 
; 
: ;::::; 
~—. .'1i|||l 
... 


I 


V 
| 
0.01 
l- 


S 0.004 


400 
Ik 
4 k 
10 k 


l-FmjutncY-Hi 


FIGURE 21 
FIGURE 22 
FIGURE 23 
'Data at high and low temporaturos areapplicable only within therated operating free-air temperature ranges ofthevarious dovicos. A12-pF compensation 
capacitor is used with TL080 and TLOBOA. 
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TYPES TL080 THRU TL085, TL080A THRU TL084A 
TL081B, TL082B, TL084B 
JFET-INPUT OPERATIONAL AMPLIFIERS 


TYPICAL APPLICATION DATA 


OUTPUT 
INPUT 
R1 


C3; 
R2 


rvv 


TL081 
OUTPUT 


VCC- 
CF-3.3/iF^ 
V*/*^ 
S1 
-15 V 
kSl 
R1 = R2 = 2R3=1.5Mn 


C3 
3.3 kfi 
?R3 


C1 
C2 
",( 
* 
l( 
f0= 
— ] 


C1 =C2 = — 
= 110pF 
2 
1 
f -• 
2rr Rf Cp 


FIGURE 24-0.5-Hz SQUARE-WAVE OSCILLATOR 


9.1 kft 


88.4 kS2 


18 pF 
-3r- 


100 mF 


torTL085 


FIGURE 26-AUDIO DISTRIBUTION AMPLIFIER 


6 sin ut 


2ir R1 C1 


FIGURE 25-HIGHQ NOTCH FILTER 


OUTPUT C 


1N4148 
H4- 


18 kQ (See Note A) 
-Wv 
-15 V 


18 pF 
18pF 
•1 Ml 


VCC+ 


VCC- 


88.4 Ml 
—W\— 


88.4 Ml 
—W\ 


I 


1N4148 


VCC+ 


VCC- 
•ikn 


-WV 
+15 V 
18 kil (See Note A) 


NOTE A: Those resistor vnluos may bo adjusted for a symmetrical output. 
FIGURE 27-100-kHi QUADRATURE OSCILLATOR 


k- 
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TYPES TL080 THRU TL085, TL080A THRU TL084A 
TL081B, TL082B, TL084B 
JFET-INPUT OPERATIONAL AMPLIFIERS 


220 pF 
He- 


16 ki! 
-'WW 


TYPICAL APPLICATION DATA 


220 pF 
ne- 


2 kHz/div 
2 kHz/div 
SECOND-ORDER BANDPASS FILTER 
CASCADED BANDPASS FILTER 
f0 = 100 kHz, Q = 30, GAIN = 4 
f0 = 100 kHz, Q = 69, GAIN = 16 


FIGURE 28-POSITIVEFEEDBACK BANDPASS FILTER 


100 si: 


dioon 


75 pF! 
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FIGURE 29-IC PREAMPLIFIER 
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16kS2 
—V^- 


R,xt 
OUTPUT 


LINEAR 
INTEGRATED 
CIRCUITS 


Low Input Offset Voltage ... 
0.5 mV Max 


Low Power Consumption 


Wide Common-Mode and Differential 
Voltage Ranges 


Low Input Bias and Offset Currents 


Output Short-Circuit Protection 


TYPES TL087, TL088, TL287, TL288 
JFET-INPUT OPERATIONAL AMPLIFIERS 


D2484, MARCH 1979-REVISED AUGUST 1983 


• 
High Input Impedance . . . JFET-input Stage 


• 
Internal Frequency Compensation 


• 
Latch-Up-Free Operation 


• 
High Slew Rate ... 13 V/>s Typ 


• 
Low Total Harmonic 
Distortion . . . 0.003% Typ 


description 
These JFET-input operational amplifiers incorporate well-matched high-voltage JFET and bipolar transistors in a 
monolithic integrated circuit. They featurelowinput offsetvoltage, high slewrate, lowinputbiasandoffset current, 
andlowtemperature coefficient ofinput offset voltage. Offset-voltage adjustment isprovided forthe TL087 andTL088. 


Device typeswith an "M" suffix are characterized for operation over the full military temperature range of - 55°C 
to 125°C, those with an "I" suffixare characterizedforoperationfrom -25°Cto85°C, and those with a "C" suffix 


are characterized for operation from 0°C to 70 °C. 


TL087. TL088 


D. JG. OR P DUAL-IN-LINE PACKAGE 


(TOP VIEW) 


OFFSET N1 Qi VJ bQ NC 
IN- £2 
7 ] VCC + 
IN+C3 
6 3 OUT 
Vcc- C 4 
5 3 OFFSET N2 


TL287. TL288 


D. JG. OR P DUAL-IN-LINE PACKAGE 


(TOP VIEW! 


AMPL 


#1 { 


OUT Q> U 8pvcc + 
:} 


IN- C 
IN+ C 
vcc- C 


NC —No internal connection 


symbol (each amplifier) 


7 3 OUT 
6 1 IN- 
5 2 IN 


AMPL 


#2 


NONINVERTING 


INPUT IN+ 


INVERTING 
INPUT IN- 
\ 
^ 
OUTPUT 


TL088M 


U FLAT PACKAGE 


(TOP VIEW) 


NCC 
OFFSET Nl C 
IN- £ 
IN+ C 
vcc- C 


2 
9 


3 
8 


A 
7 


5 
6 


Unc 
3 NC 
Dvcc 
3 OUT 
3 OFFSET N2 


AMPL•{ 


TL288M 


U FLAT PACKAGE 


(TOP VIEWI 


NC £ 
OUTfJ 
IN- Q 
IN+ £ 
vcc-C 


2 
9 


3 
8 


4 
7 


5 
6 


] NC 
3 vcc 4 
Horn- >. 
D'N- 
J> 
3 IN t ) 


AMPL 


#2 


v- 
.2 
j£ 
"5. 
£ 
< 


c 
o 


1- 
a> 
a 
O 
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TYPES TL087, TL088, TL287, TL288 
JFET-INPUT OPERATIONAL AMPLIFIERS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


TL088M 


TL288M 


TL087I 


TL088I 


TL287I 


TL288I 


TL087C 


TL088C 


TL287C 


TL288C 


UNIT 


Supply voltage, Vcc + (see Note 1) 
18 
18 
18 
V 
Supply voltage. Vcc- 'see Note 1) 
-18 
-18 
-18 
V 
Differential input voltage (see Note 21 
±30 
±30 
±30 
V 
Input voltage (see Notes 1 and 3) 
±15 
±15 
± 15 
V 
Duration of output short circuit (see Note 4) 
unlimited 
unlimited 
unlimited 


Continuous total dissipation at (or below) 
25°C free-air temperature (see Note 51 


JG or P package 
680 
680 
680 


mW 
U package 
675 


D package 
725 
725 
Operating free-air temperature range 
-55 to 125 
-25 to 85 
0 to 70 
BC 
Storage temperature range 
-65 to 150 
-65 to 150 
-65 to 150 
°c 
Load temperature 1,6 mm (1/16 inch) from 


case for 60 seconds 
JG or U package 
300 
300 
300 
°c 


Lead temperature 1,6 mm (1/16 inch) from 


case for 10 seconds 
D or P package 
260 
260 
°c 


1. All voltage values, exceptdifferential voltages, are with respect to thomidpoint between Vcc- andVcc- . 
2. Differential voltages are at the noninvemnginput terminal with respect to the invertinginput terminal. 
3. The magnitudeof the input voltage must never exceed tho magnitudeof the supply voltage or 15 volts, whichever is less. 
4. Theoutputmay beshorted toground ortoeither supply. Temporaturo and/or supply voltages mustbelimited toensure thatthedissipation rating 


is not exceeded. 
5. Foroperation above 25 °C free-airtemperature, refer to Dissipation DeratingCurves.Section 2. Inthe JG package, TL088Mand TL288Mchips 
are alloy-mounted:TL087I. TL088I, TL287I. TL288I, TL087C.TL088C.TL287C.and TL288Cchips are glass-mounted. 
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electrical characteristics, Vcc ± 
= ±15 V 


PARAMETER 
TEST CONDITIONS' 
TL088M 


TL288M 


TL087I 


TL088I 


TL287I 


TL288I 


TL087C 


TL088C 


TL287C 


TL288C 


UNIT 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


V|0 
Input offset voltage 


RS - 50 n. 


V0 = o. 
TA = 25 °C 


TL087. TL287 
0.1 
0.5 
0.1 
0.5 


mV 
TL088. TL288 
0.1 
3 
0.1 
1 
0.1 
1 


RS • 50 0, 
v0 • o. 
Ta = 'ull range 


TL087, TL287 
2 
1.5 


TL088. TL288 
6 
3 
2.5 


"VIO 
Temperature coefficient 


of input offset voltage 
RS = 50 fl, 
Ta = full range 
10 
10 
10 
mV/°C 


iio 
Input offset current 
TA - 25°C 
£ 
100 
5 
100 
5 
100 
pA 


Ta 
lull 'ange 
25 
3 
2 
nA 


'IB 
Input bias current* 
TA 
25°C 
30 
400 
30 
200 
30 
200 
pA 


Ta = full range 
100 
20 
7 
nA 


V|CR 
Common-mode input 


voltage range 
Ta = 25°C 
vcc- 


to 
vcc- 


+ 4 


-4 


vCc- 


to 
vcc- 


+ 4 


-4 


vcc- 


to 


VCC 4 


+4 


-4 


V 


VOPP 
Maximum-peak-to-peak 


output voltage swing 


TA = 25"C, 
RL • 
10 kl! 
24 
27 
24 
27 
24 
27 


V 
Ta • 
full range 
RL 2 10 k'.i 
24 
24 
24 


RL a 
2 kll 
20 
20 
20 


AVD 
Large-signal differential 
voltage amplification 


RL 2 2 Ml. 
V0 
± 10 V. 
TA • 
25°C 
50 
200 
50 
200 
50 
200 


V/mV 
RL a 2 kfi. 
V0 - 
±10 V. 
Ta = full range 
'25 
25 
25 


B1 
Unity-gain bandwidth 
TA = 25°C 
3 
3 
3 
MHz 


ri 
Input resistance 
TA - 
25°C 
1012 
10'2 
10« 
'..' 


CMRR 
Common-mode rejection 


ratio 


RS = 50 <>, 
V0 
= 0. 
Vic - VicRmin. 
TA - 25 °C 
80 
95 
80 
95 
80 
95 
dB 


<<SVR 
Supply voltage rejection 


ratio nVcc + '-iVlO* 


RS = 50 !}. 
V0 
- 0 V. 
VCC± " 
±9 V to ±15 V. 
TA = 25°C 


80 
95 
80 
95 
80 
95 
dB 


!CC 
Supply current 


(per amplifier) 
No load. 
Vq 
- 0. 


TA = 25°C 
1.4 
2.8 
1.4 
2.8 
1.4 
2.8 
mA 


TAllchaiacteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specilied. Fullrange for T^ is —55 °C 


to 125"C for TL_88M; -25°C to 85°C for TL_8_I; and 0°C to 70°C for TL_8_C. 
1Input biascurrentsof a FET-input operational amplifier are normal junction reversecurrents, whichare temperature sensitive. Pulsetechniquesmust be 
used that will maintain the junction temperature as close to the ambiont temperature as possible. 


Operational Amplifiers 
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TYPES TL087, TL088, TL287, TL288 
JFET-INPUT OPERATIONAL AMPLIFIERS 


operating characteristics Vcc = ± 15 V, T/\ = 25°C 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


SR 
Slew rate at unity gain 
V| - 
10 V. 
RL - 2 kQ, 
CL = 100 pF. 
AVD = 1 
8 
13 
V/,,s 


tr 
Rise time 
V| = 20 mV. 
R|_ - 2 kl>, 


CL = 100 pF. 
AVD = 1 


0.1 
ps 
Overshoot factor 
10% 
vn 
Equivalent input noise voltage 
RS = 100 fi, 
I • 
1 kHz 
18 
nV/vHz 


MAXIMUM PEAK TO PEAK OUTPUT VOLTAGE 


FREQUENCY 


MAXIMUM PEAK TO PEAK OUTPUT VOLTAGE 


FREE AIR TEMPERATURE 


RL - 10kil 


RL-2kS! 


- 


Vcc; - MSV 


-75 -SO 
-25 
0 
2S 
50 
75 
100 
175 
TA-Ffaa-Air Tampafatura— C 


TYPICAL CHARACTERISTICS1 


MAXIMUM PEAK TO PEAK OUTPUT VOLTAGE 


FREQUENCY 


f 
inn ill 
Vcc; - =1S V[J 
rl- 
ta- 


: ::. 
25*C 


5 
- 
VCC 
• 110 
! 
| 
,J 


i 
_ 
vcc- 
•n 


- 
%0 
V I 
100 
Ik 
10 k 
100 k 
IM 
10 M 


1-Fraquancy-Hr 


MAXIMUM PEAK 10 PEAK OUTPUT VOLTAGE 


LOAD RESISTANCE 


Vcc; - : 15 V 
TA - »'c 
^-- A 


/ 


/ 
/ 
/ 


E 
10 


0.1 
0.2 
0.4 
0.7 
1 
2 
t 
RL-Load Rautunca-kn 


MAXIMUM PEAK TO PEAK OUTPUT VOLTAGE 


FREQUENCY 


10k 
40k 
100k 
400k 
IM 
l-Fiequancy-Ha 


MAXIMUMPEAK TO PEAK OUTPUT VOLTAGE 


SUPPLY VOLTAGE 


RL- lOkSi 
TA - 25°C 
/ 
/ 


/ 
/ 


/ 


' 


/ 


2 
4 
6 
8 
10 
12 
14 
16 


— 
Veer '-Supply Voltaga-V 


'Data at high andlowtemperatures are applicable only within the ratod oporating free-air temperature ranges of the various devices. 
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LARGE-SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 


> 1.000 


E 
700 


- 
„ 


5 
ioo 
! 
70 


o 
20 
> 
~i 
10 
i 
J 


! 
i 


FREE-AIR TEMPERATURE 


Vo-nov 
Rl -;>> 
l 


-75 
-SO 
-25 
0 
2S 
50 
75 
100 
125 
TA-F'aa-Alr Tamparatura— C 


FIGURE 7 


TOTAL POWER DISSIPATED 


FREE-AIR TEMPERATURE 


-75 -50 
-25 
0 
25 
50 
75 
100 
125 


TA-Fiaa-Air Tamparatura— C 


T 
I 97 


a 
5| Be 
§ 


FIGURE 10 


COMMON MODE REJECTION RATIO 


FREE-AIR TEMPERATURE 


I 
VCCl 
I 
• tIBV 


L- 
Skfl 


3 


-76 -60 -25 
0 
25 
50 
7S 
100 
125 
TA-FtaaAliTamparatma-'C 


TYPES TL087, TL088, TL287, TL288 
JFET-INPUT OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS* 


LARGESIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 
and PHASE SHIFT 


1 
10 
100 
Ik 
10k 
100k 
IM 
10M 
f-Fraquancy-Hl 


SUPPLY CURRENT PER AMPLIFIER 


FREE-AIR TEMPERATURE 


1 
sv. 
No ngnal 


5 0.8 


u 0.6 


I ° 
o 
\ 
\ 


-75 -65 -25 
0 
25 
50 
75 
100 
125 
TA-Fraa-AIr Tamparatuia-"C 


FIGURE 11 


VOLTAGE-FOLLOWER 
LARGESIGNAL PULSE RESPONSE 


vcci- 
15 V 
J 


/OL TPUT } 


-26*C 
/ 
\ 
/ 
\ 


' 


II PUT 
L 
\ 


0 
0J5 
1 
1.5 
2 
2.5 
3 
35 


NORMALIZED UNITY-GAIN BANDWIDTH 
and PHASE SHIFT 


-75-50-25 
0 
25 
50 
75 
100 
125 
TA-Fraa-Air Tafnpefatuf«-"C 


100 


1 
10 
I 


i 
; 
1 


INPUT DIAS CURRENT 


FREE-AIR TEMPERATURE 


= 
vcCfS 
5 
i/ H 
J 


-50 
-25 
0 
25 
50 
75 
100 
126 
IA-Fiaa AnTamparalura-*C 


OUTPUT VOLTAGE 


ELAPSED TIME 


24 


> 
20 
E 
J 16 
1,2 
1 


OV >RaW 101 


/ 
00% 
// 
f 


0 
IM 
vcCl-J 15 V 


Fl/ 


• 2 ki* 
-25* 


0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.7 
l-Tima-lll 


FIGURE 13 
FIGURE 14 
FIGURE 15 


'Data at high andlowtemperatures aroapplicable only within theratedoperating froo-alr temperature ranges of thovarious devices. 
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TYPES TL087, TL088, TL287, TL288 
JFET-INPUT OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICSt 


EQUIVALENT INPUT NOISE VOLTAGE 
NORMALIZED SLEW RATE 


vs 
TEMPERATURE 
1.15 


Vcc± = ±15 V 


Ri =2kf2 


( L = 1 00 pF 


FREQUENCY 


bO 
nun 
i mil! 
VcC± = ±15V 
AvD = 10 


s 


TA = 25°C 


J 
W 


1.10 
(0 


-1.05 


30 


20 


0.95 


0.90 
10 


0.85 
-75 
-50 -25 
0 
25 
50 
75 
100 
Ta—Free-Air Temperature—°C 


FIGURE 16 


125 
10 
40 
100 
400 
1 k 
4 k 10 k 
40 k 100 k 
f—Frequency—Hz 


FIGURE 17 


TOTAL HARMONIC DISTORTION 


1 
FR EQUE •JCY 


= vCc± = ±15 
ZAVD• 
1 
- V|(RMS) = 6 


V — 


0.4 


0.1 
rr 


= 
= = =; 
: 


0.04 


.... 
— 
• 
_., 
~r 


0.01 
-J| 
1 


0.004 
-ijll 


0.001 
100 
400 
1 k 
4 k 
10 k 


f—Frequency—Hz 


FIGURE 18 


40 k 
100 k 


'Data at high and low tompotalures are applicable only within the rated operating Iree-ait temperature ranges of the various dev 
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LINEAR 
INTEGRATED 
CIRCUITS 


TYPE TL136C 
QUAD HIGH-PERFORMANCE OPERATIONAL AMPLIFIER 


Continuous-Short Circuit Protection 


Wide Common-Mode and Differential 
Voltage Ranges 


No Frequency Compensation Required 


Low Power Consumption 


No Latch-up 


Unity-Gain Bandwidth 3 MHz Typical 


Gain and Phase Match Between Amplifiers 


description 


The TL136C is a quad high-performance operational 
amplifier with each amplifier electrically similar to 
uA741 
except that offset null capability is not 


provided. 


The high common-mode input voltage range and the 
absence of latch-up make these amplifiers ideal for 
voltage-follower applications. The devices are short- 
circuit 
protected 
and 
the 
internal 
frequency 
compensation ensures stability without external 


components. 


The TL136C is characterized for operation from 0°C 


to 70 °C. 


schematic (each amplifier) 


VCC+ 


NONINVERTING 
INPUT 
INVERTING 


INPUT 


VCC- 


D2604, NOVEMBER 1981-REVISED AUGUST 1983 


D. J OR N DUAL-IN-LINE PACKAGE 


(TOP VIEWI 
T7 
OUT rj 
IN- £ 2 
IN+ C 3 
vCc+ L> 


-Ce 
out Q7 


MPL J 
,1 \ 


V 
{"lN + 
IN- 


OU1 


AMPL 


U2 


symbol (each amplifier) 


NONINVERTING 


INPUT IN+ 


'142 OUT' 
13 H IN- 
12 3 'N + 
n: vCc- 
ioD IN + 
9 3 IN 
8 3 OUT. 


AMPL 
#4 


AMPL 
#3 


OUTPUT 


OUTPUT 


*~ 
.2 
*5 
"5. 
E 
< 


75 
c 
o 
+5 
(0 
s- 
<D 
Q. 
O 


Copyright 
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TYPE TL136C 
QUAD HIGH-PERFORMANCE OPERATIONAL AMPLIFIER 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage Vcc+ (see Note 1) 
... 
18 v 
Supply voltage Vqc- (see Note 1) 
_1g v 
Differential input voltage (see Note 2) 
±30 V 
Input voltage (any input, see Notes 1 and 3) 
±15 V 
Duration of output short-circuit to ground, one amplifier at a time (see Note 4) 
unlimited 
Continuous totaldissipation at (or below) 25°Cfree-air temperature (see Note 5) 
800 mW 
Operating free-air temperature range 
0°Cto 70°C 
Storage temperature range 
, 
- 65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from casefor 60 seconds: J package 
300°C 
Lead temperature 1,6 mm (1/16 inch) from casefor 10seconds: D, Npackage 
260°C 


NOTES: 1. All voltage values, unless otherwise noted, are with respect tothe midpoint between Vcc+ and Vcc_. 
2. Differential voltages areat thenoninverting input terminal with respect to theinverting Input terminal. 
3. The magnitude oftheinput voltage must never exceed themagnitude ofthesupply voltage or 15volts, whichever isless. 
4. Temperature and/or supply voltages must bolimited to ensure thatthedissipation rating Isnotexceeded. 
5. For operation abovo 25 °C free-air temperature, refer to Dissipation Derating Curves in Section 2. In the J package, the chips are glass-mounted. 
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TYPE TL136C 
QUAD HIGH-PERFORMANCE OPERATIONAL AMPLIFIER 


electrical characteristics at specified free-air temperature, Vcc+ = 15 V, VcC- 
= 
-15 V 


PARAMETER 
TEST CONDITIONS' 
MIN 
TYP 
MAX 
UNIT 


V|0 
Input offset voltage 
v0 = 0. 
RS = 50 n 
25°C 
0.5 
6 
mV 
0°C to 70°C 
7.5 


l|0 
Input offset current 
V0 
- 0 
25°C 
5 
200 
nA 
0°C to 70°C 
300 


'IB 
Input bias current 
V0 = 0 
25°C 
40 
500 
nA 
0°C to 70 °C 
800 


V|CR 
Common-mode 


input voltage range 
25 °C 
±12 
±14 
V 


VOPP 
Maximum peak-to-peak 


output voltage swing 


RL = 10 kfl 
25°C 
24 
28 


V 
RL = 2 kfl 
25°C 
20 
26 


RL > 2 kn 
0°C to 70 °C 
20 


AVD 
Large-signal differential 
voltage amplification 
RL a 
2 kn. 
v0 = ±10V 
25°C 
20 
300 
V/mV 
0°C to 70 °C 
15 


Bl 
Unity-gain bandwidth 
25°C 
3 
MHz 


Ml) 
rj 
Input resistance 
25 "C 
0.3 
5 


CMRR 
Common-mode 


rejection ratio 
V|C • 
VICR 
RS = 50 1! 


min, 
25°C 
70 
90 
dB 


kSVS 
Supply voltage sensitivity 
(A Vio/AVcd 


VCc± • 
±9 V to ± 15 V, 


RS = 50 n 
25 °C 
30 
150 
^V/V 


Vn 
Equivalent input 


noise voltage (closed-loop) 


AVD = 100 


f 
= 
1 kHz, 
Rs = 100 n, 


BW 
= 
1 Hz 
25°C 
7.5 
nV/VRz 


ice 
Supply current 


(All four amplifiers) 
No load. 
v0 = 0 V 


25°C 
5 
11.3 


mA 
0°C 
6 
13.7 


70 °C 
4.5 
11.3 


PD 
Total power dissipation 


(All four amplifiers) 
No load. 
v0 = 0 V 


25°C 
150 
340 


mW 
0°C 
180 
400 


70 °C 
135 
300 


VolV02 
Open loop 
Crosstalk attenuation 
AvD 
RS = 1 ki!. 
f 
= 
10 kHz 
25°C 
105 
dB 
25°C 
105 


'Allcharacteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. 


operating characteristics, Vcc + = 15 V, VcC- = -15 V, Ta = 25°C 


PARAMETER 


SR 
Slew rate at unity gain 


TEST CONDITIONS 


V| = 20 mV. 
Cl • 
100 pF 


V| = 10 V. 
Cl = 100 pF 


Rl - 
2 kn. 


RL = 2 kfl, 


TYP 
MAX 


0.13 


V/Ws 
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i 


Operational Amplifiers 


LINEAR 
INTEGRATED 
CIRCUITS 


Small-Signal Unity-Gain Bandwidth 
... 20 MHz Typ 


Noninverting Slew Rate ... 50 V/i<s Typ 
(Unity-Gain Follower) 


Internal Frequency Compensation 


Full-Power Bandwidth at Vopp = 20 V 
... 400 kHz Typ 


Open-Loop Gain at Full-Power Bandwidth, 
Vopp = 20 V . . . 34 dB Typ 


Output Short-Circuit Protection 


TL291 Has Offset Null Capability 


Pinout is Same as Standard General Purpose 
Operational Amplifiers 


description 


These devices are high-speed operational amplifiers 
designed for applications requiring wide bandwidth 
and 
a 
fast 
slew 
rate. 
These 
monolithic 
circuits 
incorporate new high-frequency P-N-P transistors that 
eliminate the need for large feed-forward capacitors 
required 
in 
previous 
moderately 
high-frequency 
designs to pass the signal around slow lateral P-N-P 
stages. 


These operational amplifiers have a typical full-power 
bandwidth of 400 kilohertz for a 20-volt peak-to-peak 
output swing, because of the higher 20-megahertz 
unity-gain bandwidth, the typical open-loop gain at the 
400-kilohertz 
full-power 
bandwidth 
is 
a 
very 
respectable 34 decibels. 


The TL291 single-channel operational amplifier pinout 
includes offset nulling, which is easily accomplished 
by connecting a potentiometer across the offset null 
pins with the wiper connected to the Vcc- P'n- 


The 
TL291M, 
TL292M, 
and 
TL294M 
will 
be 
characterized for operation over the 
full 
military 
temperature range of -55°Cto 125 °C. The TL291C, 
TL292C, 
and TL294C 
will 
be 
characterized 
for 
operation from 0°C to 70 °C. 


PRODUCT PREVIEW 


TYPES TL291, TL292. TL294 
HIGH-FREQUENCY OPERATIONAL AMPLIFIERS 


02782. SEPTEMBER 1983 


TL291 


JG OR P DUAL-IN-LINE PACKAGE 


(TOP VIEW) 


OFFSET N1 Ql U8DNC 
IN- C2 
7 DVcc + 
IN+ C 3 
6 DOUT 
Vcc- C1 
1 3 OFFSET N2 


TL292 


JG OR P DUAL-IN-LINE PACKAGE 


(TOP VIEW) 
out ni D 8pvcc+ 
IN- Q2 
7J OUT ^| 
IN+ C3 
6llN- J> 
VCC- O 
5 1IN+ J 


AMP 


tt•{ 
AMP 


TL294 


J OR N DUAL-IN-LINE PACKAGE 


(TOP VIEW) 


OUT Cji Ol4t] OUT 
AMP J |N_ g2 
#1 \lN+ C3 
vcc+ L> 
{IN+ Cs 
IN- C6 
OUT C? 


NC-No inlornal connection 


symbol (each amplifier) 


OFFSET NULL Nl 


OFFSET NULL N2 


NONINVERTING 


INPUT IN+ 


INVERTING 
INPUT IN- 


DlN- 
3 IN 
3 vcc- 
J IN 
Din- L,amp 
Dout' 
"3 
} 


AMP 


#4 


Copyright © 1983 by Texas Instruments Incorporated 


(0 
.2ft 
"q. 
E 
< 


c 
o 
"+3 
(0 
i- 
0) 
Q. 
o 


Thai document containa Information 
d«va<opm«nt. Taxaa Initrumi 
changa of dlacontfnu* thla product 


product undar 
ha rlrjht to 
Ithout notlca. 
Texas 
Instruments 


POST OFFICE BOX 225012 • 
DALLAS. TEXAS 75265 


3-155 


Operational Amplifiers 


LINEAR 
INTEGRATED 
CIRCUITS 


• 
Wide Range of Supply Voltages Single 
Supply ... 3 V to 30 V or Dual Supplies 


• 
Low Supply Current Drain Independent of 
Supply Voltage . . . 0.8 mA Typ 


• 
Common-Mode Input Voltage Range Includes 
Ground Allowing Direct Sensing near Ground 


• 
Low Input Bias and Offset Parameters 
Input Offset Voltage . . . 2 mV TYP 
Input Offset Current ... 3 nA Typ (TL321M) 
Input bias Current . . . 45 nA Typ 


• 
Differential Input Voltage Range Equal to 
Maximum-Rated Supply Voltage ... ±32 V 


• 
Open-Loop Differential Voltage 
Amplification ... 100 V/mV Typ 


• 
Internal Frequency Compensation 


symbol 


OUT 


description 


TYPES TL321M. TL321I, TL321C 
OPERATIONAL AMPLIFIERS 


D2343, APRIL 1977-REVISED AUGUST 1983 


TL321M . . . JG 


TL321I. TL321C . . . JG OR P 


DUAL-IN-LINE PACKAGE 


(TOP VIEW) 


NC Ql U 8Q NC 
IN- C 2 
7 3 VCC 
IN+ C 3 
6] OUT 
GND £4 
5 3 NC 


TL321M . . . FH OR FK 


CHIP CARRIER PACKAGE 


(TOP VIEW) 


O 
U 
(J 
O 
CJ 
z 
z 
z 
z 
z 


NC 
IN- 


NC 


IN + 


NC 


i 
J i 
11—11—11—i 
3 
2 
1 20 19 
]4 
]5 
]6 
]7 


18 [ NC 
17[ Vcc 
16[ NC 
15[ OUT 
14[ NC 


9 
10 11 12 13 


•—"—"—"—•'—• 


C_) 
Q 
U 
U 
U 
z 
z 
z 
z 
z 
C3 


NC-No internal connection 


The TL321 is a high-gain, frequency-compensated operational amplifier that was designed specifically tooperate from 
asingle supply over awide range of voltages. Operation from split supplies isalso possible solong asthe difference 
between the twosupplies is3 voltsto 30 volts andPin 7 isat least 1.5 volts more positive thanthe input common- 
mode voltage. The low supply current drain is independent of the magnitude of the supply voltage. 


Applications include transducer amplifiers, d-c amplification blocks, and all the conventional operational amplifier circuits 
that nowcan bemoreeasily implemented insingle-supply-voltage systems. For example, the TL321 can beoperated 
directly off ofthestandard five-volt supply thatisused indigital systems and will easily provide therequired interface 
electronics without requiring additional ±15-volt supplies. 


TheTL321M ischaracterized foroperation overthe full military temperature rangeof - 55°Cto 125°C.TheTL3211 
ischaracterized foroperation from -25°C to 85°C. The TL321C ischaracterized for operation from 0°C to 70°C. 
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TYPES TL321M, TL321I, TL321C 
OPERATIONAL AMPLIFIERS 


schematic 


NONINVERTING, 
INPUT IN+ 


*6-fjA 


CURRENT 


REGULATOR 


^6-pA 


CURRENT 


REGULATOR 


*100-/JA 


CURRENT 


REGULATOR 


-OVCC 


-O OUTPUT 


-O GND 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc 'see Note 1) 
32 v 
Differentialinput voltage (see Note 2) 
± 32 V 
Input voltage range (either input) 
_0.3 V to 32 V 
Duration of output short-circuitto ground at (or below) 25 °C free-air temperature 
(VCC S 15 V) (see Note 3) 
unlimited 
Continuous total dissipation at (or below) 25 °C free-air temperature (see Note 4) 
680 mW 
Operating free-air temperature range: TL321M 
-55°C to 125°C 
TL321I 
-25°C to 85°C 
TL321C 
0°C to 70°C 
Storage temperature range 
- 65 °C to 150 °C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: FH, FK, or JG package 
300 °C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: P package 
260 °C 


NOTES: 1. All voltagevalues,except differential voltages,are withrespect to the network ground terminal. 
2. Differential voltages are at the noninvertinginput terminalwith respect to the invortinginput terminal. 
3. Short circuits from the output to Vcc can cause excessivo heating and eventual destruction. 
4. For operation above 25°Cfree-air temperature, refer toDissipation Derating Curves. Section 2.InthoJGpackage. TL321M chips aroalloy-mounted: 
TL321I and TL321C chips aro glass-mounted. 
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TYPES TL321M, TL321I, TL321C 
OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-air temperature, Vcc = 5 V (unless otherwise noted) 


PARAMETER 
TEST CONDITIONS' 
TL321M, TL321I 
TL321C 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


V|0 
Input offset voltage 


V|C = V|CR min. 
VCC = 5 V to 30 V. 
Vo 
= 1.4 V, 
RS = 50 kO 


25 °C 
2 
5 
2 
7 


mV 


Full range 
7 
9 


'10 
Input offset current 
Vo = 1.4 V 
25°C 
3 
30 
5 
50 
nA 
Full range 
100 


'IB 
Input bias current 
Vo = 1.4 V, 
25°C 
-45 
-150 
-45 
-250 
nA 
Full range 
-300 
-500 


VlCR 
Common-mode input 


voltage range 
Vqc " 5 V to 30 V 


25 °C 
0 to 


VCC-1 
5 


0 to 
vcc- 1.5 
V 


Full range 
0 to 
VCC-2 


0 to 
vcc- 2 


V0H 
High-level output voltage 


VCC = 30 V. 
RL • 
2 kl) 
Full range 
26 
26 


V 
VCc 
= 30 V. 
RL a 
10 kn 
Full range 
27 
28 
27 
28 


RL a 2 kn 
25°C 
3.5 
3.5 


vol 
Low-level output voltage 
RL s 
10 kn 
Full range 
5 
20 
5 
20 
mV 


AVD 
Large-signal differential 
voltage amplification 


VCC = 15 V. 
V0 - 
1 V to 11 V, 


RL a 
2 kn 


25°C 
50 
100 
25 
100 
V/mV 


Full range 
25 
15 


CMRR 
Common-mode 


rejection ratio 
V|C = V|CR min. 
Rs = 50 n 
25°C 
70 
85 
65 
85 
dB 


KSVR 
Supply voltage rejection 


ratio(AVcc'AV|ol 
Vcc = 5 V to 30 V, 
RS = 50 n 
25°C 
65 
100 
65 
100 
dB 


'0 
Output current 


Source 
VCC = 15 V. 


V,D = 1 V. 
Vo = o 


25 °C 
-25 
-40 
-20 
-40 


mA 
Full range 
-10 
-20 
-10 
-20 


Sink 
VCC - 
15 V. 
V|D = - 1 V. 
Vo = 15 V 


25 °C 
10 
20 
10 
20 


Full range 
5 
8 
5 
8 


V|D = - 1 V. 
Vq = 200 mV 
25 °C 
12 
50 
12 
50 
MA 


•cc 


No load 
V0 = 15 V. 


Vcc = 30 V 


Full range 
2 
2 


mA 
No load 


V0 
= 2.5 V, 
VCC = 5 V 


Full range 
0.4 
1 
1 


'All characteristics are measured undor open-loop conditions with zero common-mode input voltage unless otherwise specified. Full range is - 55 ° 


for TL321M. -25°C to 85CC for TL321I. and 0°C to 70°C for TL321C 
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Operational Amplifiers 


LINEAR 
INTEGRATED 
CIRCUITS 


Wide Range of Supply Voltages 
Single Supply ... 3 V to 36 V or 
Dual Supplies 


Class AB Output Stage 


True Differential Input Stage 


Low Input Bias Current 


Internal Frequency Compensation 


Short-Circuit Protection 


description 


The TL322M, TL322I, and the TL322C are dual 
operational amplifiers similar in performance to the 
MC3403. They are designed to operate from a single 
supply over a range of voltages from 3 volts to 36 
volts. Operation from split supplies is also possible 
provided the difference between the two supplies is 
3 volts to 36 volts. The common-mode input range 
includes the negative supply. Output range is from the 
negative supply to Vcc- 1-5 V. Quiescent supply 
currents per amplifier are typically less than one-half 


those of the uA741. 


The TL322M is characterized for operation over the 
full military temperature range of - 55 °C to 125 °C. 
The 
TL322I 
is 
characterized 
for 
operation from 
-40°C to 85 °C. The TL322C is characterized for 
operation from 0°C to 70 °C. 


TYPES TL322M, TL322I. TL322C 
DUAL LOW-POWER OPERATIONAL AMPLIFIERS 


D2567. OCTOBER 1979-REVISED SEPTEMBER 1983 


TL322M . . . JG PACKAGE 


TL322I. TL322C . . . D. JG. OR P PACKAGE 


(TOP VIEW) 
out pi D sp VCC+ 
IN - C 2 
7 ] OUT 
IN+ C3 
6 3 IN- 
GNDC4 
5 3 IN + 


AMPL 


H 


( 


IPL I 
1 l< 


symbol (each amplifier) 


NONINVERTING 


INPUT IN* 


INVERTING 


INPUT IN- 


: + 
} 


AMPL 
#2 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


TL322M 
TL322I 
TL322C 
UNI! 


Supply voltage Vcc+ 'see Note 1) 
18 
18 
18 
V 


Supply voltage Vcc - 'scu Note ') 
-18 
-18 
- 18 
V 
Supply voltage Vqc+ with respect to Vcc- 
36 
36 
36 
V 


Differential input voltage (see Note 21 
±36 
±36 
t 36 
V 


Input voltage (see Notes 1 and 31 
-18 
±18 
± 18 
V 


Continuous total power dissipation at (or below) 


25 °C free-air temperature (see Note 4) 
680 
680 
680 
mW 


Operating free-air temperature range 
- 55 lo 125 
-40 to 85 
0 to 70 
°C 


Storage temperature range 
-65 to 150 
-65 to 150 
-65 to 150 
°C 


Lead temperature 1.6 mm (1/16 inch) from case for 60 seconds 
JG package 
300 
300 
300 
"C 


Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 
D or P package 
260 
260 
°c 


NOTES: 1. These voltage values aro with respect to the midpoint between Vqq 4 and Vqq _. 


2. 
Difforontial voltages aro at tho noninverting input terminal with respect to the inverting input terminal. 
3. 
Neither input must ovor be more positive than Vcc + or moro negative than Vcc-- 
4. 
For oporalion above 25°C froo-air temperature, refer to Dissipation Derating Curves in Section 2. In the JG package. TL322M chips aro alloy 
mounted and TL322I and TL322C chips are glass mounted. 
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TYPES TL322M, TL322I, TL322C 
DUAL LOW-POWER OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-air temperature, Vcc± = ±15 V (unless otherwise noted) 


PARAMETER 
TEST CONDITIONS' 
TL322M 
TL322I 
TL322C 
UNIT 
r.iir: 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


V|0 
Input offset voltage 
v0 - 
0. 


RS = 50 Q 


25°C 
2 
!-' 
2 
8 
2 
10 
mV 
Full range 
10 
10 
12 


avio 


Temperature 


coefficient of input 


offset voltage 


v0 = 0. 


Rg 
-" 50 11 
25-C 
10 
10 
10 
j.V/°C 


iia 
Input offset current 
Vq 
= 0 
25°C 
30 
75 
30 
75 
30 
50 
nA 
Full range 
250 
250 
200 


aIIO 


Tomporature 


coefficient of input 


offset current 


v0 • 0 
25 °C 
50 
50 
pA/°C 
50 


>IB 
Input bias current 
v0 = 0 
25 °C 
-0.2 
-0.5 
-0.2 
-0.5 
-0.2 
-0.5 
„A 
Full range 
-1.18 
-1 
-0.8 


VlCR 


Common-modo 


input voltage 


range: 


25-C 
vcc- 


to 


13 


vcc- 


to 


13.5 


VCC- 


to 


13 


vcc- 


to 


13.5 


vCc- 


to 


13 


vCc- 


to 


13.5 


V 


vOM 
Peak output 


voltage swing 


RL • 
10 kfl 
25°C 
±12 
±13.5 
±12 
±12.5 
±12 
±13.5 


V 
RL = 2 kfl 
25 °C 
±10 
±13 
±10 
±12 
±10 
±13 


Full range 
±10 
±10 
±10 


AVD 


Largo-signal 


differential voltage 


amplification 


V0 • 
±10 V, 


RL = 2 kO 


25 °C 
200 
20 
200 
20 
200 
V/mV 


Full range 
25 
15 
15 


Bom 
Maximum-output 


swing bandwidth 


v0pp - 
20 v. 


AVD = 1. 


THD S 
5%, 


RL = 2 kfi 


25 °C 
9 
9 
9 
kHz 


Bl 
Unity-gain 


bandwidth 


V0 • 
50 mV. 


RL = 10 kn 
25 °C 
1 
1 
1 
MHz 


«m 
Phase margin 
RL = 2 ktt. 


Cl - 200 pF 
25 °C 
60° 
BO 
60° 


rj 
Input resistance 
f 
= 
20 Hz 
25-C 
0.3 
1 
OS 
1 
0.3 
1 
Mn 


'o 
Output resistance 
f 
= 
20 Hi 
25°C 
75 
75 
75 
n 


CMRR 
Common-mode 


rejection ratio 
VIC " V|CR min, 


RS = 50D 
25 "C 
70 
90 
70 
90 
70 
90 
dB 


ksvs 


Supply voltage 


sensitivity 


(AV|0/4VCC) 


Vcc " 
±2.8 v 


to 


±15 V. 


RS - 60 0 


25 °C 
30 
150 
30 
150 
30 
150 
„VIV 


'OS 
Short-circuit 


output currents 
v0 - 0 
25 "C 
±10 
±30 
±45 
±10 
±30 
±:45 
±10 
±30 
±45 
mA 


'CC 
Total supply 


current 
v0 = 0. 


No load 
25 "C 
1.4 
2.5 
1.4 
4 
1.4 
. 4 
mA 


' All characteristics are specified underopen-loop conditions unlessotherwise noted.Full rangeforT& is - 55°C to 125°C for TL322M; - 40°C lo 85°C 


for TL322I. and 0°C to 70°C for TL322C. 
!The V|crlimits aro directly linked volt-for-volt tosupply voltage, viz tho positive limit is2 volts loss than Vcc*- 
iTemperaturo and/or supply voltages must be limitedto ensure that tho dissipationrating is not exceeded. 
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TYPES TL322M, TL322I, TL322C 
DUAL LOW-POWER OPERATIONAL AMPLIFIERS 


electrical characteristics, v"cc+ = 5 V, Vcc- = 0 V, Ta = 25°C (unless otherwise noted) 


PARAMETER 
TEST CONDITIONS' 
TL322M 
1L322I 
TL322C 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


VlO 
Input offsol voltage 
V0 
2.5 V. 
RS » 50 n 
2 
8 
8 
2 
10 
mV 


'.0 
Input offsot current 
V0 
i 
2.5 V 
30 
75 
75 
30 
50 
nA 


'IB 
Input bias current 
0.2 
-0.6 
-0.5 
-0.2 
-0.5 
pA 


V0M 
Peak output 


voltage swings 


RL • 
10 kn 
33 
3.5 
3.3 
3.5 
3.3 
3.5 


V 
RL = 10 kn. 


Vcc - 
= 5 V to 30 V 
vcc*- 1.7 
vCc+- 1.7 
Vcc+- 1.7 


AVD 
Largo-signal differential 


voltage amplification 


V0 
• 
1.7 V to 3.3 V. 


RL 
•= 2 ktt 
20 
200 
20 
200 
20 
200 
V/mV 


ksVS 


Supply voltago 


sensitivity 
uv,0nvCCli 
VCc " ±2.5 V to ±15 V 
150 
150 
150 
mV/V 


'cc 
Supply curri'nl 
V0 
- 
2.5 V. 
No load 
1.2 
2.5 
1.2 
4 
1.2 
•'. 
mA 


Vol/Vo2 Crosstalk attenuation 
AVD = 100. 


f 
= 
1 kHz to 20 kHz 
120 
120 
120 
dB 


'All characteristics aro specified under open-loop condition 
SOutput will swing ossentlally to ground. 


switching characteristics: v"cc± = ±15 V, A\/D = 1- Ta = 25 °C (unless otherwise noted) 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


SR 
Slew rate at unity gain 
V| - : 10 V. 
CL • 100 pF. 
See Figure 1 
0.6 
V/„s 


t, 
Rise time 
AVq = 50 mV. 
CL ' 100 pF. 
Rl • 10 kQ. 


See Figure 1 


0.35 
*s 


tf 
Fall time 
0.35 
*s 


Overshoot factor 
20% 


Crossover distortion 
V|Pp - 30 mV, 
V0PP 
- 2 V. 
f = 10 kHz 
1% 


PARAMETER MEASUREMENT INFORMATION 


Vi o 


FIGURE 1-UNITY-GAIN AMPLIFIER 
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TYPES TL322M, TL322I, TL322C 
DUAL LOW-POWER OPERATIONAL AMPLIFIERS 


INPUT BIAS CURRENT 


TEMPERATURE 


TYPICAL CHARACTERISTICS t 


INPUT BIAS CURRENT 


SUPPLY VOLTAGE 


;*] 
'•'c 
• 
'. 


.200 


1 150 
| 


s 
~ 
50 


0 


r> -2S*C 


no 


150 


100 


• : 


0 
-75 -50 -25 
0 
25 
50 
75 
100 
125 


TA-F'a* A*» Tampeiatur*-#C 


FIGURE 2 


MAXIMUM PEAK TO PEAK OUTPUT VOLTAGE 


FREQUENCY 


0 
2 
A 
6 
10 
12 


VCC tl-Suoply Voliaga-V 


FIGURE3 


LARGESIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 


| 
105 


i 
I 
io< 
| 
> 
103 


| 
102 


FHEOUENCY 


MAXIMUM PEAK-TO PEAK OUTPUT VOLTAGE 


SUPPLY VOLTAGE 


o 
25 
> 
I 


nL- ion! 
TA • 2S"C 
/ 


/ /' 
/ 
/ 
/ 


10 
12 
1 
16 


8 
1-5 
2 


IVcell-Supply Vollaoa-V 


VOLTAGE-FOLLOWER 
LARGE SIGNAL PULSE RESPONSE 


1 
'CC: •115 V 
RL.?kll 
A-35 C 


10 
100 
Ik 


i 
Vcc- -11 
1 
7\ 
RL-2H1 


c 
'!• 1 
! \sa«F^ica 1 
1 
P 
/ 
\ 
/ 
! 
\ 


1r 
v 
1 
\ 
1 
INPUT 
\ 


10k 
100k 
1 M 
0 
10 
20 
30 
40 
50 
60 
»0 
80 
90 


-Hi 
l-Tima-p. 


FIGURE 7 
FIGURE 6 


'Data at high and low tomporatures are applicableonly within the rated operating free-airtemperatu 


schematic (each amplifier) 


NONINVERTING 


INPUT IN* 


INVERTING 


INPUT IN- 


All component values shown aro nominal 


COMMON 
- 
BIAS CIRCUITRY 
vcc+ 


•—I TO OTHER 
~ 
AMPLIFIER 


OUTPUT 


VCC- 
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TYPES TLC251, TLC251A, TLC251B, TLC271, TLC271A, TLC271B 
PROGRAMMABLE LOW-POWER LinCMOSTM OPERATIONAL AMPLIFIERS 


• 
Wide Range of Supply Voltages: 
1 V to 16 V (TLC251C) 
3 V to 16 V (TLC271C, TLC271I) 
4 V to 16 V (TLC271M) 


• 
True Single Supply Operation 


• 
Common-Mode Input Voltage Range Includes 
the Negative Rail 


• 
Low Noise ... 30 nV/VHz Typ at 1 kHz 
(High Bias) 


description 


The TLC251 and TLC271 series are low-cost, low- 
power programmable operational amplifiers designed 
to 
operate with 
single 
or 
dual supplies. 
Unlike 
traditional metal-gate CMOS op amps, these devices 
utilize Texas Instruments silicon-gate LinCMOS™ 
process, giving them stable input offset voltages 
without sacrificing the advantages of metal-gate 
CMOS. This series of parts is available in selected 
grades of input offset voltage and can be nulled with 
one 
external 
potentiometer. 
Because 
the 
input 
common-mode range extends to the negative rail and 
the power consumption is extremely low, this family 
is 
ideally 
suited 
for 
battery-powered or 
energy- 
conserving applications. A bias-select pin can be used 
to program one of three ac performance and power- 
dissipation levels to suit the application. The TLC251 
offers the same operation sd the TLC271, but also 
features guaranteed operation down to a 1 V supply. 
Both devices are stable at unity gain. 


D2751. JULY 1983-REVISED NOVEMBER 1983 


D. JG, OR P DUAL-IN-LINE PACKAGE 


(TOP VIEW! 


OFFSET N1 Ql LJ 8Q BIAS SELECT 
IN-£2 
7 lVDD 
IN+ C 3 
6 HOUT 
GND[> 
5 3 OFFSET N2 


FH OR FK PACKAGE 


(TOP VIEW) 


.- 
CJ 


U 
u- 
CJ < 
<J 
z 
o 
z 
m 
z 


3 
2 
1 20 19 
\ 
NC ]4 
18[ NC 
IN- ]5 
17[ VDD 
NC ]6 
16[ NC 
IN+ ] 7 
15[ OUT 
NC ]8 
14[ NC 


\ 
9 
10 11 12 13 
/ 


CJ 
Q 
CJ 
<N 
CJ 
2 
2 
2 
2 
2 
C3 
h- 


2 
u. 
o 


NC-No internal connoction 


symbol 


TEMPERATURE RANGES AND PACKAGES 


SERIES 
TEMPERATURE RANGE 
PACKAGES 


TLC251_C Types 
0°C to 70° 
JG, P, D 
TLC271-C Types 
0°C to 70°C 
JG. P. D 
TLC271_I Types 
-40°C to 85°C 
JG. P, 
D 
TLC271_M Types 
-55°C to 125°C 
JG, FH, FK 


DEVICE FEATURES 


BIAS SELECT 


NONINVERTING 


INPUT IN+ 


PARAMETER 
LOW BIAS 
MEDIUM BIAS 
HIGH BIAS 


Supply current (Typl 
10,.A 
150uA 
1000 ,iA 


Slew rate (Typl 
0.04 V/^s 
0.6 Wins 
4.5 V/>s 


Input offset voltage IMaxI 


. . . Standard types 


. . . A-suffix types 


. . . B-suffix typos 


10 mV 


5 mV 


2 mV 


10 mV 


5 mV 


2 mV 


10 mV 


5 mV 


2 
mV 


Offset voltage drift (Typl 
0.1 uV/month' 
0.1 uV/month' 
0.1 (iV/month' 
Offset voltage temperature coefficient (Typ) 
0.7 ^V/°C 
2 uV/°C 
5 ,A//°C 


Input bias current (Typ) 
1 pA 
1 pA 
1 pA 


Input Offset current (Typ) 
1 pA 
1 pA 
1 pA 


'The long-te 
Hue applies after the first month. 


Copyright .0 1983 by Texas Instruments Incorporated 


.2 
|£ 


D. 
E 
< 
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c 
o 
1 


CD 
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o 
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TYPES TLC251, TLC251A, TLC251B, TLC271, TLC271A, TLC271B 
PROGRAMMABLE LOW-POWER LinCMOSTM AMPLIFIERS 


description (continued) 


These devices have internal electrostatic discharge (ESDI protection circuits that will prevent catastrophic failures 
at voltages up to 2000 volts as tested under MIL-STD-883B, Method 3015.1. However, care should be exercised 
in handling these devices as exposure to ESD may result in a degradation of the device parametric performance. 


Because of the extremely high input impedance and low input bias and offset currents, applications for the TLC251 
and TLC271 series include many areas that have previously been limited to BIFET and NFET product types. Any circuit 
using high-impedance elements and requiring small offset errors is a good candidate for cost-effective use of these 
devices. Many features associated with bipolar technology are available with LinCMOS operational amplifiers without 
the power penalties of traditional bipolar devices. General applications such as transducer interfacing, analog calculations, 
amplifier blocks, active filters, and signal buffering are all easily designed with the TLC271. Remote and inaccessible 
equipment applications are possible using the low-voltage and low-power capabilities of the TLC251. In addition, by 
driving the bias-select input with a logic signal from a microprocessor, these operational amplifiers can have software- 
controlled performance and power consumption. The TLC251 is well suited to solve the difficult problems associated 
with single-battery and solar-cell-powered applications. 


schematic 


VDD 


OFFSET N2 
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TYPES TLC251, TLC251A, TLC251B, TLC271, TLC271A, TLC271B 
PROGRAMMABLE LOW-POWER LinCMOSTM AMPLIFIERS 


absolute maximum ratings over operating free-air temperature (unless otherwise noted) 


Supply voltage, Vqd 'see N°te 1) 
18V 
Differential input voltage (see Note 2) 
± 18 V 
Input voltage range (any input) 
- 0.3 V to 18V 
Duration of short-circuit at (or below) 25 °C free-air temperature (see Note 3) 
unlimited 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 4): 
D package 
725 mW 
FH package (see Note 5) 
1200 mW 
FK package (see Note 5) 
1375 mW 
JG package 
1050 mW 
P package 
725 mW 
Operating free-air temperature range: TLC271M, TLC271AM, TLC271BM 
-55°C to 125°C 
TLC271I, TLC271AI, TLC271BI 
-40°C to 85°C 
TLC251C, TLC251AC,TLC251BC, 
TLC271C, TLC271AC. TLC271BC 
0°C to 70°C 
Storage temperature range 
- 65°C to 150 °C 
Lead temperature 1,6 mm (1/16) inch from the case for 60 seconds: 
JG package 
300 °C 
Lead Temperature 1,6 mm (1/16 inch) from case for 10 seconds: 
D or P package 
260°C 


NOTES: 1. All voltage values, except differential voltages, aro with respect to network ground terminal. 
2. 
Differential voltages are at tho noninverting input terminal, with respect to the inverting input terminal. 
3. The output may be shorted to either supply. Temperatureand/or supply voltages must be limitedto ensure tho maximumdissipation rating is 


not exceeded. 
4. 
For operation above 25 °C free-air temperature, refer to Dissipation Derating Table below. 
5. For FH and FKpackages, power rating and reratlng factor willvary with actual mounting technique usod. The values stated hero are believed 


to be conservative. 
DISSIPATION DERATING TABLE 


PACKAGE 
POWER 


RATING 


DERATING 


FACTOR 


ABOVE 


TA 


D 
725 mW 
5.8 mW/°C 
25°C 


FH 
1200 mW 
9.6 mW/°C 
25 °C 


FK 
1375 mW 
11.0 mW/°C 
25 °C 


JG 
1050 mW 
8.4 mW/°C 
25 °C 


P 
725 mW 
5.8 mW/°C 
25 °C 


recommended operating conditions 


TLC251 


TLC251A 


TLC251B 


TLC271 


TLC271A 


TLC271B 
UNIT 


MIN 
NOM 
MAX 
MIN 
NOM 
MAX 


Supply voltage, Vfjrj 
M-suffix types 
4 
16 


V 
l-suffix types 
3 
16 
C-suffix types 
1 
16 
3 
16 


Common-mode input voltage, Vip 


VDD = 1 V 
0 
0.2 


V 
VDD - 
4 V 
0 
3 
0 
3 


VDD -10 V 
0.05 
9 
-0.05 
9 
VDD = 16 V 
-0.05 
14 -0.05 
14 


Operating free-air temperature, T^ 


M-suffix types 
-55 
125 


°c 
l-suffix types 
-40 
85 
C-suffix types 
0 
70 
0 
70 
Bias Select pin voltage 
See app ication notes 


a- 
.2 
j£ 
"5. 
E 
< 


c 
o 


a_ 
© 
a 
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TYPES TLC251. TLC251A, TLC251B, TLC271, TLC271A. TLC271B 
PROGRAMMABLE LOW-POWER LinCMOSTM AMPLIFIERS 


electrical characteristics at specified free-air temperature, Vqd = 10 V (unless otherwise noted) 


PARAMETER 
TEST CONDITIONS' 
BIAS 
TLC271_M 
TLC271_I 


TLC251_ 


TLC271_ 


C. 


c 
UNIT 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


V|0 


Input 


ollsct 


voltage 


TLC251 
TLC271_ 


Vq - 
1 4 V. 
RS • 
50 !1 


25°C 
Any 
10 
10 
10 


mV 


Full range 
12 
13 
12 
TLC251A_ 


TLC271A_ 


25°C 
Any 
5 
5 
5 


Full range 
6.5 
7 


TLC251B_. 
25°C 
Any 
2 
2 
2 
|UC271B_ 
Full range 
3 
3.5 
3 


"VIO 


Average temperature 


coefficient of input 


offset voltage 


Full range 


. 
.-. 
0 
7 
0 
7 
0.7 


,\I!°C 
Me :..•• 
2 
2 
2 


,, 
;• 
5 
5 
5 


'10 
Input offset current 
Vic - 
5 V. 
V0 
- 
5 V 


25°C 
Any 
1 
1 
1 
PA 
Full rango 
15000 
200 
100 


l|B 
Input bins current 
V|C • 5 V. 
V0 --5 V 


25°C 
Any 
1 
1 
1 
pA 
Full range 
35000 
300 
150 


- 
V|CR 
Common-modo input 


voltage range 
25 "C 
Any 
-0.2 


to 


9 


-0,2 


to 


9 


-0.2 


10 


9 


V 
Cl 
VOM 
Peak oulput 
voltage range' 
V|D = 100 mV 
25"C 
Any 
8 
8.6 
8 
8.6 
8 
8.6 
V 
••Eal 
Full range 
7 8 
7 
• 
7.8 
HLaila^LaH 


AVD 


Large-signal 


differential 


voltage 


amplification 


V0 - 1 to 6 V. 
RS " 50 11 


25 °C 


Low 
500 
30 
500 
30 
500 


V/mV 
O 


Medium 
20 
: - 
20 
280 
20 
280 


High 
10 
40 
10 
40 
10 
40 
"O 
CD 
Full rango 


Low 
20 
20 
25 


Medium 
10 
10 
15 
0) 
High 
7 
7 
7.5 


O 
CMRR 
Common-modo 


roioction ratio 
V0 
- 
1.4 V. 


V|C 
• 
V|CR mm 
25°C 
Any 
70 
88 
70 
88 
70 
88 
dB 


3 


kSVR 


Supply voltoge 


reaction ratio 
U vcca V|0i 


Vqd = 5 to 10 V. 
Vq = 1.4 V 
25 °C 


Low 
70 
88 
70 
88 
70 
88 


dB 
0) 
Medium 
70 
88 
70 
88 
70 
88 


> 
3 


High 
65 
82 
65 
82 
65 
82 


•OS 
Short-circuit 


oulput current 


v0 - o. 
V|D 
100 mV 
25°C 
Any 
-55 
-55 
-55 


mA 


c5" 


v0 - 
vDD, 
V|D = - 100 mV 
15 
15 
15 


'IHISEL 


High level input 


current to bias 


select 
V|(SELI " 0 V 
25 °C 
High 
105 
10.5 
10.5 
•A 


'ILISELI 


Low-level input 


curront to bias 


select 
VliSELI 
" 10 V 
25-C 
Low 
1.3 
1 3 
1.3 
•A 


'DD 
Supply current 


No load. 


V0 = 5 V. 


Vic • 
5 V 


25-C 


Lo.-. 
10 
20 
10 
20 
10 
20 


„A 


Medium 
150 
300 
150 
300 
150 
300 


High 
1000 
2000 
1000 
2000 
1000 
2000 


Full range 


Low 
•-.0 
.10 
30 


Medium 
500 
500 
400 


High 
:•.• 
•:.. 
2500 
2200 


1All characteristics are measured under open-loop conditions with /oro common-mode input voltage i 
to 125-C for TLC2_M. -40°C to 85°C for TLC2_I. and 0"C lo 70°C for TLC2_C Unless otho 
the output to ground and has the following values: for low bias Rl - 
1 Mil. for medium bias Rl 
:The output will swing to the potential of the ground pin. 


nless otherwise specified. Full range for T^ is - 55 "C 
wise nolcd. an output load resistor is connected from 
• 
100 k«. and for high bias RL = 10 kfl. 
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electrical characteristics at specified free-air temperature. Vqd = 1 V 


PARAMETER 
BIAS 
TLC251_C 
UNIT 
MIN 
TYP 
MAX 


Input offset 
vIO 
„ 
voltage 


TLC251C 


V0 = 0.2 V, 


Rs - 
50 a 


25°C 
Any 
10 


mV 


0°C to 70 °C 
12 


TLC251AC 
25°C 
Any 
5 


0"C to 70°C 
6.5 


TLC251BC 
25°C 
Any 
2 


0°C to 70°C 
3 
Average Temperature 
aVIO 
Coefficient of Input 


Offset Voltage 
0°C to 70 °C 
Any 
1 
/.V/°C 


l|0 
Input offset current 
Vo= 0.2 V 
25°C 
Any 
1 
pA 
0°C to 70°C 
100 


l|B 
Input bias current 
V0 =0.2 V 
25°C 
Any 
1 
pA 
0°C to 70 °C 
150 


Common-mode input 
Viro 
voltage range 
25 °C 
Any 


0 


to 


0.2 


V I 
Peak output voltage 
VOM 
. 
t 
swing* 
V|p = 100 mV 
25°C 
Any 
450 
mV 


Large-signal differential 


voltage amplification 
V0 = 100 to 300 mV, 


Rs = 50 n. 
25 °C 
Low 
20 
V/mV 
High 
10 


„..„- 
Common-mode 
CMRR 
rejection ratio 


RS = 50 n. 


V0 
= 0.2 V. 


VIC = VIC min 


25 °C 
Any 
77 
dB 


Vq • 0.2 V. 


No load 
25°C 
Low 
2 
„A 
High 
12 


'All characteristics are measured under open-loopconditionswith zero common-modeinputvoltage unless otherwise specified. Unless c 
output load resistor is connocted from the output to ground and has the following values: for low bias Rl = 1 MO, for medium bias 
for high bias Rl = 10 kfl. 
'The output willswing to the potential of the ground pin. 


itherwiso noted, an 
RL = 100 kfi, and 


operating characteristics, Vqd = 1 V, Ta = 25 °c 


PARAMETER 
TEST CONDITIONS 
BIAS 
TLC251_C 
UNIT 
MIN 
TYP 
MAX 


B] 
Unity-gain bandwidth 
CL - 10 pF 
Low 
12 
kHz 
High 
75 


SR 
Slew rate at unity gain 
See Figure 1 
Low 
0.001 
V/;iS 
High 
0.01 


Overshooi factor 
See Figure 1 
Low 
35% 


High 
30% 


w 
1— 
0) 
J£ 
"5. 
E 
< 
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TYPES TLC251, TLC251A, TLC251B, TLC271, TLC271A, TLC271B 
PROGRAMMABLE LOW-POWER LinCMOSTM AMPLIFIERS 


operating characteristics, VrjD = 10 V, Ta = 25 °C 


PARAMETER 
TEST CONDITIONS 
BIAS 
TLC2_M 
TLC2_I 
TLC2_C 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Unity-gain 


bandwidth 


Av 
40 dB, 
CL - 
10 pF. 
Rs = 50P. 


Low 
0 
I 
0.1 
0.1 
MH, 
Medium 
0.7 
0.7 
0.7 


High 
2.3 
2.3 
2.3 


Slew rate at 
SR 
unity gain 
See Figure 1 


Low 
0.04 
0.04 
0.04 


V//.S 
Medium 
0.6 
0.6 
0.6 


H 
.. 
4.5 
4.5 
4.5 


Overshoot 


factor 
See Figure 1 


Low 
30% 
30% 
30% 


Medium 
35% 
35% 
35% 


High 
35% 
:i5 
35% 


Phase margin 
"m 
at unity gain 


AV ai 40 dB. 


RS 
100 H, 


CL - pF 


Low 
43 
43° 
43° 


Medium 
•: 
• 
43° 
43° 


• 
High 
50 = 
50° 
50' 


Equivalent input 


noise voltage 


f 
- 
1 kHz. 


Rs 
100n 


Lo.-. 
70 
•; 
70 
nV/7R7 
Medium 
38 
38 
38 


High 
30 
30 
30 


PARAMETER MEASUREMENT INFORMATION 


OUTPUT 


=L 
INPUT- 


3-170 


GND 


FIGURE 1-UNITY-GAIN AMPLIFIER 
FIGURE 2-INPUT OFFSET VOLTAGE NULL CIRCUIT 
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TYPES TLC251, TLC251A, TLC251B, TLC271, TLC271A, TLC271B 
PROGRAMMABLE LOW-POWER LinCMOSTM AMPLIFIERS 


TYPICAL CHARACTERISTICS 


SUPPLY CURRENT 


vs 


BIAS SELECT PIN VOLTAGE 
10,000 


1000 


100 


10 


Vo = V|C 
No load 
Ta = 25° 


= 0.2 VDD 


VDD=16V 


-vDD = 


VDD=1 v 
(TLC251 on iy 


SUPPLY CURRENT 


vs 


SUPPLY VOLTAGE 


VO = V|c = 0.2VDD 
No load 


1000 


100 


TA=25°C 
See Note 6 
High Bias 


a*"" 


Medium E ias 


I 
f 


10 


Low B as 


«•> 


0.1 
1 
10 
Vf3-Bias Select Pin Voltage-V 


FIGURE 3 


100 
0 
2 
4 
6 
8 
10 
12 
14 
16 
18 
20 
Vdd~Supply Voltage—V 
NOTE 6: Dalalor VDD less than 4 V applies onlyfor TLC251. TLC251 A, 


and TLC251B. 
FIGURE 4 


LOW BIAS 


LARGE-SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 


and PHASE SHIFT 


10,000 


< 
1000 


100 


10 


SUPPLY CURRENT 


vs 
FREE-AIR TEMPERATURE 


H gh I3i, s 


VDD = 10V 
V|C = 0V 
V0 = 2V 


No load 


M edium Bias 


Low Bias 


10 
20 
30 
40 
50 
60 
70 


Ta—Free-Air Temperature— C 


FIGURE 5 


00 


107 


.1 106 
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0.1 


FREQUENCY 


0 


30° 


60° 


90° 


120° 


150° 


180" 


VDD = 10V 


^\?tb 
ta = 25°C 
\ 
<%>\, 
V 
\? 


Phase Shift 
(right scale) 
N 


0.1 
10 
100 
1 k 


Frequency—Hz 


FIGURE 6 


10 k 
100 k 


CO 
a- 
o 


"a. 
E 
< 


"cd 
c 
o 


CO 


cu 
Q. 
O 


Texas 
Instruments 


POST OFFICE BOX 225012 a 
DALLAS TEXAS 75265 


3-171 


O 
•o 
CD 


0) 


5" 
3 


> 
3 


TYPES TLC251, TLC251A, TLC251B, TLC271, TLC271A, TLC271B 
PROGRAMMABLE LOW-POWER LinCMOSTM AMPLIFIERS 


TYPICAL CHARACTERISTICS 


MEDIUM BIAS 


LARGE-SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 


and PHASE SHIFT 


vs 
FREQUENCY 


107 


106 


105 


104 


103 


102 


101 


1 


0.1 


100 
Ik 
10 k 
100k 
1M 
Frequency-Hz 


FIGURE 7 


HIGH BIAS 


LARGE-SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 


and PHASE SHIFT 


vs 
FREQUENCY 


0 


30° 


60° 


90° 


120° 


150° 


180° 


VDD = 10 V 


ta = 25°C 


V 
\ 
Ph« se Shift (right s ale) 


N% 
N.iK 
w 


10 
100 
Ik 
10 k 
100 k 
1M 
10 M 
Frequency—Hz 


FIGURE 8 
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TYPES TLC251, TLC251A, TLC251B, TLC271, TLC271A, TLC271B 
PROGRAMMABLE LOW-POWER LinCMOSTM AMPLIFIERS 


TYPICAL APPLICATION INFORMATION 


latchup avoidance 


Junction-isolated CMOS circuits have an inherent parasitic PNPN structure that can function as an SCR. Under certain 
conditions, this SCR may be triggered into a low-impedance state, resulting in excessive supply current. To avoid such 
conditions,novoltagegreaterthan 0.3 Vbeyondthe supplyrails shouldbeapplied to any pin.Ingeneral,the opampsupplies 
should be applied simultaneously with, or before, application of any input signals. 


using the bias select pin 


The TLC251 and TLC271 have a bias select pin that allows the selection of one of three IqD conditions (10. 150, and 
1000 nA typical). Thisallowsthe user to trade-offpowerand ac performance.As shown inthe typicalsupplycurrent Odd* 
versus supply voltage (Vdd>curves (Figure4|. the Idd varies only slightlyfrom 4 to 16 V. Below 4 V, the IqD varies more 
significantly. Note that the IqD values in the medium and low-bias modes at Vqd = 1 V are typically 2 ;iA, and in the 
highmode are typically 12/iA. The following table shows the recommended bias select pin connections at Vqd = 10 V: 


RECOMMENDED BIAS SELECT PIN USE AT VDD = 10 V 


BIAS MODE 
AC PERFORMANCE 
BIAS SELECT 


CONNECTION' 
TYPICAL lDD5 


Low 


Medium 


High 


Low 


Medium 


High 


VDD 
0.8 V to 9.2 V 


Ground pin 


10 ^A 


150 (<A 
1000 )<A 


'Tho Bias Select pin may also be controlled by external circuitry to conserve power, etc. For information regarding tho bias select pin 


typical characteristics curves. 
*For Iqq characteristics at voltages other than 10 V,sooFigure 4 inthe typical characteristics curves. 


i Figuro 3 In the 


output stage considerations 


The amplifier's output stage consists of a source-follower-connected pullup transistor and an open-drain pulldown transistor. 
The high-level output voltage (Voh) is virtuallyindependent of the Iqd selection, and increases with higher values of Vrjrj 
and reduced output loading. The low-level output voltage (Vol) decreases with reduced output current and higher input 
common-mode voltage. With no load, Vol is essentially equal to the GND pin potential. 


input offset nulling 


Both the TLC251 and TLC271 offer external offset null control. Nulling may be achieved by adjusting a 25-kS? potentiometer 
connected between the offset null terminals with the wiper connected to the device GND pin as shown in Figure 2. The 
amount of nulling range varies with the bias selection. At Iqd settings of 150 and 1000 jtA (medium and high bias), the 
nulling range will allow the maximum offset specified to be trimmed to zero. In low bias or when the TLC251 is used below 
4 V, total nulling may not be possible on all units. 


supply configurations 


Even though the TLC251 and TLC271 are characterized for single-supply operation, they can be used effectively in a split- 
supply configuration when the input common-mode voltage (V|CR). output swing (Vol and VoH>' and supply voltage limits 
are not exceeded. 


circuit layout precautions 


The user is cautioned that whenever extremely high circuit impedances are used, care must be exercised in layout, construction, 
board cleanliness, and supply filtering to avoid hum and noise pickup, as well as excessive dc leakages. 
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r^ 
Operational Amplifiers 
" 


LINEAR 
INTEGRATED 
CIRCUITS 


TYPES TLC252, TLC25L2, TLC25M2, TLC272, TLC27L2, TLC27M2 
LinCMOSTM DUAL OPERATIONAL AMPLIFIERS 


Wide Range of Supply Voltages: 
1 V to 16 V (TLC252C) 
3 V to 16 V (TLC272C, TLC272I) 
4Vto 16 V (TLC272M) 


True Single-Supply Operation 


Common-Mode Input Voltage Includes the 
Negative Rail 


• 
Low Noise ... 30 nV/>/Hz Typ at 
f = 1 kHz (High-Bias Versions) 


description 


The TLC252 and TLC272 series are low-cost, low- 
power dual operational amplifiers designed to operate 
with single or dual supplies. These devices utilize the 
Texas Instruments silicongate LinCMOS™ process, 
giving them stable input offset voltages that are 
available in selected grades of 2, 
5 or 10 
mV 
maximum, very high input impedances, and extremely 
low input offset and bias currents. Because the input 
common-mode range extends to the negative rail and 
the power consumption is extremely low, this series 
is ideally 
suited for 
battery-powered or energy- 
conserving applications. The TLC252 types offer 
guaranteed operation down to a 1-V supply. All 
devices are unity-gain stable and have excellent noise 


characteristics. 


D2752. JUNE 1983-REVISED OCTOBER 1983 


D, JG. OR P DUAL-IN-LINE PACKAGE 


(TOP VIEW) 
outC 1 Us DvDD 
IN- C 2 
7 10UT 
IN+ C 3 
6 3 IN- 
GND[ 4 
5 3 IN + 


FH OR FK PACKAGE 


(TOP VIEW) 


O 
Q 
O 
_ 
U 
Q CJ 
z 
* 
z 
> 
z 


3 
2 
1 20119 
\ 


NC ]4 
18[ 
NC 


#1 IN- ]5 
17[ #2 OUT 
NC ]6 
16[ NC 
#1 IN+ ] 7 
15[ #2 IN- 


NC ]8 
14[ 
NC 
V 9 10 1112 13 / 
\ 
,l—11—ll—II—11—1.' 


C 
z 


GND 


NC 


IN-I- 


u 
z 


NC-No internal connection 


symbol (each amplifier) 


NONINVERTING — 


INPUT IN+ 


INVERTING — 


INPUT IN- 


DEVICE FEATURES 


PARAMETER 


TLC25L2 


TLC27L2 


(LOW BIAS) 


TLC25M2 


TLC27M2 


(MEDIUM BIAS) 


TLC252 


TLC272 


(HIGH BIAS) 


Supply current (Typl 
20 ,,A 
300 /.A 
2000 /<A 


Slew rate ITyp) 
0.04 V/,.s 
0.6 V/,,s 
4.5 V/Ms 


Input offset voltage (Max) 


. . . Standard types 


. . . A-suffix types 


. . . B suffix types 


10 mV 


5 mV 


2 mV 


10 mV 


5 mV 


2 mV 


10 mV 


5 mV 


2 mV 


Offset voltage drift (Typ) 
0.1 pV/month' 
0.1 ,.V/month' 
0.1 /.V/month' 


Offset voltage temperature coefficient (Typ) 
0.7 ^V/°C 
2 ,.V/°C 
5 ,.V/°C 


Input bias current (Typ) 
1 pA 
1 pA 
1 pA 


Input offset current (Typ) 
1 pA 
1 pA 
1 pA 


'Tho offset voltage drift applies after the first month only. 


TEMPERATURE RANGES AND PACKAGES 


TYPES 
TEMPERATURE RANGE 
PACKAGES 


TLC25_2_C 
0°C to 70° 
JG. P. D 


TLC27_2_C 
0°C to 70 °C 
JG. P, 
D 


TLC27_2_I 
-40°C to 85 °C 
JG, P. 
D 


TLC27_2_M 
-55°C to 125°C 
JG, FH. FK 


Copyright •*< 1983 by Texas Instruments Incorporated 
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TYPES TLC252, TLC25L2, TLC25M2. TLC272, TLC27L2, TLC27M2 
LinCMOSTM DUAL OPERATIONAL APPLIFIERS 


description (continued) 


These devices have internal electrostatic discharge (ESDI protection circuits that will prevent catastrophic failures 
at voltages up to 2000 volts as tested under MIL-STD-883B, Method 3015.1. However,care should be exercised 
in handling these devices as exposure to ESD may result ina degradation of the device parametric performance. 


Because of the extremely high input impedance andlowinput biasand offset currents,applications forthe TLC252 
and TLC272 series include many areas thathave previously been limited to BIFET and NFET product types. Any circuit 
using high-impedance elements and requiring small offset errorsis a good candidate for cost-effective use of these 
devices. Many features associated with bipolar technology areavailable with LinCMOS™ operational amplifiers without 
thepower penalties oftraditional bipolar devices. General applications such astransducer interfacing, analog calculations, 
amplifier blocks, active filters, andsignal buffering areall easily designed with theTLC252 andTLC272 series. Remote 
andinaccessible equipment applications arepossible using the low-voltage andlow-power capabilities ofthe TLC252. 
The TLC252 typesarewell suited to solve thedifficult problems associated with single-battery andsolar-cell-powered 
applications. This series includes devices that arecharacterized for commercial, industrial, and military temperature 
ranges andareavailable in8-pin plastic andceramic dual-in-line (DIP) packages, small outline (D) package, andchip 
carrier (FH, FK) packages. 


schematic (each amplifier) 
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TYPES TLC252, TLC25L2, TLC25M2, TLC272, TLC27L2, TLC27M2 
LinCMOSTM DUAL OPERATIONAL AMPLIFIERS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vqd 'see Note 1) 
18V 
Differential input voltage (see Note 2) 
± 18 V 
Input voltage range (any input) 
- 0.3 V to 18V 
Duration of short-circuit at (or below) 25 °C free-air temperature (see Note 3) 
unlimited 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 4): 
D package 
725 mW 
FH package (see Note 5) 
1200 mW 
FK package (see Note 5) 
1375 mW 
JG package 
1050 mW 
P package 
725 mW 
Operating free-air temperature range: 
TLC27_2_M 
-55°C to 125°C 
TLC27_2_I 
-40°C to 85°C 
TLC25_2_C, TLC27_2_C 
0°C to 70°C 
Storage temperature range 
- 65 °C to 150 °C 
Lead temperature 1,6 mm (1/16 inch) from the case for 60 seconds: 
JG package 
300°C 
Lead temperature 1,6 mm (1/16 inch) from the case for 10 seconds: 
D or P package 
260°C 


NOTES: 
1. 
All voltage values, except differential voltages, are with respect to network ground terminal. 
2. 
Differential voltages are at the noninverting input terminal with respect to tho inverting input terminal. 
3. 
The output may be shorted lo either supply. Temperature and/or supply voltages must be limited to ensure tho maximum dissipation rating is 


not exceeded. 
4. 
For operation above 25°C free-air temperature, refer to the Dissipation Derating Table. 
5. 
For FH and FKpackages, power rating and derating factor will vary with the actual mounting technique used. The values stated here are believed 


to be conservative. 


DISSIPATION DERATING TABLE 


PACKAGE 
POWER 


RATING 


DERATING 


FACTOR 


ABOVE 
ta 


D 
725 mW 
5.8 mW/°C 
25 °C 


FH 
1200 mW 
9.6 mW/°C 
25°C 


FK 
1375 mW 
11 mW/°C 
25 °C 


JG 
1050 mW 
8.4 tnW/°C 
25 °C 


P 
725 rnW 
5.8 mW/°C 
25 °C 


recommended operating conditions 


TLC25_2 


TLC25_2A 


TLC25_2B 


TLC27_2 


TLC27_2A 


TLC27_2B 
UNIT 
MIN 
NOM 
MAX 
MIN 
NOM 
MAX 


Supply voltage, Vrjn 


M-suffix types 
4 
16 


V 
l-suffix types 
3 
16 


C-suffix types 
1 
16 
3 
16 


Common-modo input voltage. V|Q 


VDD = 1 V 
0 
0.2 


V 
VDD = 4 V 
0 
3 
0 
3 


VDD = 10 V 
-0.05 
9 
0.05 
9 


V0D = 16 V 
-0.05 
14 
-0.05 
14 


Operating free-air temperature, T^ 


M-suffix types 
-55 
125 


°C 
l-suffix types 
-40 
85 


C-suffix types 
0 
70 
0 
70 
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TYPES TLC272, TLC27L2, TLC27M2 
LinCMOSTM QUAD OPERATIONAL AMPLIFIERS 


M-SUFFIX TYPES 


electrical characteristics at specified free-air temperature, Vdd = 10 V (unless otherwise noted) 


PARAMETER 
TEST CONDITIONS1 
TLC272_M 
TLC27L2_M 
TLC27M2_M 
UNIT 
MIN 
TYP 
MAX 
VIS 
TYP 
MAX 
MIN 
TYP 
MAX 


VlO 


Input 


offsot 


voltage 


TLC27_2M 


Vo 
- 
1.4 V. 
RS - 
50 (1 


25 "C 
10 
10 
10 


mV 


-55°C to 125°C 
•: 
12 
12 


TLC27_2AM 
25°C 
5 
5 
5 
-55°Cto 125°C 
6.5 
6.5 
6.5 


TLC27_2BM 
25 °C 
2 
2 
2 
-55°C to 125°C 
3 
5 
3.5 
3.5 


"VIO 


Average temperature 


coefficient of input 
offset voltage 
-55°Cto 125°C 
5 
0.7 
2 
dWC 


'10 
Input offset current 
V|C - 
5 V. 
V0 - 
5 V 


:? 
c 
1 
1 
1 
PA 
-55°C to 125=C 
15 
15 
15 
nA 


'IB 
Input bias current 
Vic - 
5 V, 
V0 
- 5V 


25°C 
1 
1 
1 
pA 
-55°C to !25*C 
35 
35 
35 
nA 
EI 


VlCR 
Common-mode input 
voltage range 
25°C 
-0.2 


to 


9 


-0.2 


to 


9 


-0.2 


to 


9 


V 


V0M 
Peak output voltage 
swing' 
V|D - 
100 mV 
25°C 
8 
8.6 
a 
8.6 
8 
8.6 
V 
-55CC to 125°C 
7.8 
7.8 
7.8 


AvD 
Largo-signal differential 
voltage amplification 
Vo - 
1 to 6 V. 
RS 
• 5011 


25°C 
10 
40 
30 
500 
20 
280 
V/mV 
o 
-55° to 125°C 
7 
20 
10 
•o 
CD 
CMRR 
Common-mode 


rejection ratio 
VIC - VICRmin 
25°C 
70 
88 
70 
88 
70 
88 
dB 


0) 
o' 


*SVR 


Supply voltage 


rejection ratio 
la vcc'-i v,0i 


vdd - 
6 to 10 v. 
Vq - 
1.4 V 
25°C 
65 
62 
70 
88 
70 
88 
dB 


3 
0) 
'OS 
Short-circuit 


oulput current 


v0 - 
0. 
V|D • 
100 mV 
25 °C 
-55 
-55 
-55 


mA 


> 


v0 • 
vDD. 
V|D - 
-lOOmV 
15 
15 
15 


3 
IDD 
Supply current 
No load. 
Vo 
- 
5 V. 


V|C - 
5 V 


25°C 
1000 
2000 
10 
20 
150 
300 
«A 
1 
leach an jlifierl 
-55-Cto 125°C 
3000 
40 
500 


CD 


••1 
CO 


Allcharacteristics are measured under open-loopconditionswith zero common-modeinputvoltage unless otherwise specified. Unlessotherwise noted, an 
output load resistor is connected form the output to the ground pin. 
•Tho output will swing to the potential of tho ground pin. 
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TYPES TLC272, TLC27L2, TLC27M2 
LinCMOSTM QUAD OPERATIONAL AMPLIFIERS 


l-SUFFIX TYPES 


electrical characteristics at specified free-air temperature, Vqd = 10 V (unless otherwise noted) 


PARAMETER 
TEST CONDITIONS' 
TLC272-I 
TLC27L2 .I 
TLC27M2 _l 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


V|0 


Input 


offset 


voltage 


TLC27_2I 


V0 = 1-4 V. 
RS - 50 Q 


25 "C 
10 
10 
10 


mV 


-40°C to85°C 
13 
13 
13 


TLC27_2AI 
25'C 
5 
5 
5 


-40°C to 85°C 
7 
7 
7 


TLC27_2BI 
25°C 
2 
2 
2 


-40"C to 85 "C 
3.5 
3.5 
3.5 


"VIO 


Average temperature 


coefficient of input 
offset voltage 


-40°Cto 85°C 
5 
0.7 
2 
»V,°C 


to 
Input offsot current 
V|C - 
5 V, 
V0 - 
5 V 


25°C 
1 
1 
1 
pA 
-40°C to B5°C 
200 
200 
200 


'IB 
Input bins current 
V,c • 
5 V. 
V0 = 5 V 


25"C 
1 
1 
1 
pA 
-40°C to 85°C 
300 
300 
300 


V|CR 
Common-modo input 


voltage range 
25 °C 
-0.2 


to 


9 


-0.2 


to 


9 


-0.2 


to 


9 


V | 


VOM 
Peak output voltage 
swing1 
V|D = 100 mV 
25°C 
8 
8.6 
8 
B.6 
8 
8.6 
V 
-40°C to85°C 
7.8 
7.8 
7.8 


AvD 
Large-signal differential 


voltage amplification 
V0 
• 
1 to 6 V. 
RS = 50 n 


25°C 
10 
40 
30 
500 
20 
280 
V/mV 
-40"Cto85°C 
7 
20 
10 


CMRR 
Common-mode 


rejoction ratio 
V0 = 1-4 V. 


V|C • Vicr min 
25°C 
70 
88 
70 
88 
70 
88 
dB 


*SVR 


Supply voltage 


rejection ratio 
U VccM V|0I 


Vqd = 5 to 10 V. 
Vo - 
1-4 V 
25 °C 
65 
82 
70 
88 
70 
88 
dB 


'OS 
Short-circuit 


output current 


V0 = 0. 
V|D • 
100 mV 
25°C 


-55 
-55 
-55 


mA 
v0 - vDD. 
V|D = -100mV 
15 
15 
15 


'DO 
Supply curront 
No load. 
V0 = 5 V. 
V|C - 
5 V 


25°C 
1000 
2000 
10 
20 
150 
300 
mA 
(each am plifierl 
-40"C to 85°C 
2500 
40 
500 


• All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. Unless otherwise i 


output load resistor is connected from the output to the ground pin. 
:Thc output will swing to the potential of the ground pin. 
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TYPES TLC252, TLC25L2, TLC25M2, TLC272, TLC27L2, TLC27M2 
LinCMOSTM DUAL OPERATIONAL AMPLIFIERS 


C-SUFFIX TYPES 
slectrical characteristics at specified free-air temperature, Vqd = 10 V (unlessotherwise noted) 


PARAMSTEH 
TEST CONDITIONS' 
TLC252_C. 


TLC272_C 


riC25L2 


RC27L2 
-C. 
_c 


TLC25M2 


TLC27M2 


_C. 


_C 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Vjo 


Input - 


offset 


voltage 


TLC2_2C 


Vq = 1.4 V. 
RS = 50 0 


25°C 
10 
10 
10 


mV 


12 


TLC2_2AC 
2D 
C 
5 
5 
5 
0°C to 70°C 
6.5 
6.5 


TLC2_2BC 
25°C 
2 
2 
2 
0°C to 70°C 
3 
3 
3 


"VIO 
coefficient of input 


offset voltage 
CC to 70 "C 
5 
0.7 
2 
»V/"C 


'10 
Input offset current 
V|C 
= 5 V. 
V0 
- 5V 


1 
1 
1 
pA 
100 
100 
100 


•IB 
Input bias current 
V|C • 5 V. 
V0 • 
5 V 


25°C 
1 
1 
1 
PA 
0°C to 70 °C 
150 
150 
150 


V|CR 
Common-modo input 
voltage rango 
25°C 
-0.2 


to 


9 


-0.2 


to 


9 


-0.2 


to 


9 


V 


VOM 
Peak output voltage 
swing' 
V|D 
=• 100 mV 
25°C 
8 
8.6 
8 
8.6 
8 
8.6 
V 
0°C to 70°C 
7.8 
7.8 
78 


AVD 
voltage amplification 
Rs 
= 50 n 
0° to 70°C 
75 
25 


500 
20 


15 


280 
V/mV 


CMRR 
rejection ratio 
V|C • V,CR min 
25 DC 
70 
88 
70 
88 
70 
88 
dB 


KSVR 
rejection ratio 


Id Vcc'A Viol 


Vdd • s to iov. 
Vo = 1.4 V 
25 "C 
65 
82 
70 
88 
70 
88 
dB 


'OS 
Short-circuit 


output current 


v0 - 0. 
V|D • 
100 mV 
25°C 
-55 
-55 
-55 


mA 
vo = vDD, 
V|D = - 100 mV 
15 
15 
15 


'0D 
Supply current 
V0 - 
5 V. 


V,C = 5 V 


25°C 
1000 
2000 
10 
20 
150 
300 


•A 
0°C to 70°C 
2200 
30 
400 


All characteristics aromeasuredunderopen-loop conditions withzerocommon-mode input voltageunlessother 
output load resistor is connected from the output to the ground pir 
'Tho output will swingto tho potential of the ground pin. 


specified. Unloss otherwise noted. 
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TYPES TLC252, TLC25L2, TLC25M2 
LinCMOSTM QUAD OPERATIONAL AMPLIFIERS 


C-SUFFIX TYPES 
electrical characteristics at specified free-air temperature, Vqd = 1 V (unless otherwise noted) 


TLC252—C 
TLC25L2-C 
TLC25M2-C 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Input 
Vio 
offset 


voltago 


TLC25_2C 


Vo = 0.2 V. 
RS = 50 11 


25°C 
10 
10 
10 


mV 


0°C to 70 °C 
12 
12 
12 


TLC25_2AC 
25°C 
5 
5 


0"C to 70 
C 
6.5 
6.5 
6.5 


TLC25_2BC 
25°C 
2 
? 


0°Cto70°C 
3 
3 
3 


Average temperature 


•>VIO 
coefficient of input 
offset voltago 


0°C to 70°C 
1 
1 
1 
«V/°C 


l|0 
Input olfsot currant 
V0 = 0.2 V 
25°C 
1 
1 
1 
PA 
0°C to 
70 "C 
100 
100 
100 


I|B 
Input bias current 
V0 • 0.2 V 
25 °C 
1 
1 
1 
PA 
0°C to 70 °C 
150 
160 
150 


Common-modo input 
VirR 
voltage range 
25°C 


0 


to 


0.2 


0 


10 


0.2 


0 


to 


0.2 


V 


Peak output voltago 
V0M 
swing' 
V|D = 100 mV 
25 "C 
450 
450 
450 
mV 


Large-signal differential 


voltage amplification 
Vo = 100 to 300 mV. 


Rs = 50 n 
25°C 
10 
20 
20 
V/mV 


CMRR 
common-modo 
rejection ratio 
Vq 
= 0.2 V. 
V|C - V|CRmin 
25°C 
77 
77 
77 
dB 


Supply current 


loach amplilier) 


No load, 
Vq = 0.2 V 
25°C 
12 
2 
2 
ajA 


1 Allcharacteristics are measured under open-loop conditions with zero con 
output load resistor is connected form the output to the ground pin. 
:The output willswing to the potential of the ground pin. 


operating characteristics, Vqd = 1 V, Ta = 25 °C 


non-mode Input voltage unless otherwise specified. Unless otherwise noted, an 


PARAMETER 
TEST CONDITIONS 
TLC252_C 
TLC25L2_C 
TLC25M2_C 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


B] 
Unity-gain bandwidth 


AV = 40 dB, 


CL = 10 pF 


Rs 
= 50 fl 


75 
12 
12 
kHz 


SR 
Slew rate at unity gain 
See Figure 1 
0 
31 
0.001 
0.001 
Vlf» 


Overshoot factor 
Seo Figure 1 
30% 
35% 
35% 
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TYPES TLC252, TLC25L2, TLC25M2, TLC272, TLC27L2, TLC27M2 
LinCMOSTM DUAL OPERATIONAL AMPLIFIERS 


operating characteristics, Vqd = 10 V, Ta = 25 °C 


B1 


SR 


Vol'Vo2 


PARAMETER 


Unity-gain bandwidth 


Slew rate at 


unity gain 


Overshoot factor 


Phase margin at 
unity gain 


Equivalent input 


noise voltage 


Cross talk 


attenuation 


TEST CONDITIONS 


Ay = 40 dB, 
CL = 10 pF, 
RS = 50 n 


See Figure 1 


See Figure 1 
AV = 40 dB. 


RS = 100 n, 


CL = 10 pF 


f = 
1 kHz, 
RS = 100 0 


AV = 100 


TLC252_C 


TLC272-M 


TLC272_I 


TLC272-C 


MIN 
TYP 
MAX 


35% 


50 


120 


TLC25L2_C 


TLC27L2_M 


TLC27L2_I 


TLC27L2—C 


TYP 
MAX 


0.1 


0.04 


70 


PARAMETER MEASUREMENT INFORMATION 


OUTPUT 


INPUT 


FIGURE 1-UNITY GAIN AMPLIFIER 
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TLC25M2-C 


TLC27M2-M 


TLC27M2—I 


TLC27M2—C 


TYP 
MAX 


35% 


120 


MHz 


V/ms 


nVA/Hl 


dB 


10,000 


1000 


O 
a 
> 
E 
a 
- 
a 
u 
3 
3 
to £ 
I 
a 
a 


100 


TYPES TLC252, TLC25L2. TLC25M2, TLC272, TLC27L2, TLC27M2 
LinCMOSTM DUAL OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 


SUPPLY CURRENT 
SUPPLY CURRENT 


vs 
FREE-AIR TEMPERATURE 
SUPPLY VOLTAGE 
10,000 


< 
1000 


° 
100 


4 
6 
8 
10 
12 
14 
16 
18 
20 


Vdd-SuPP'V Voltage-V 


FIGURE 2 
NOTE 6: Data for VDD loss than 4 V does not apply for the TLC272 serios. 


10 


High-Bias Versions 


VDD • iov 
V|C = 0V 
V0 = 2V 


No load 


Medium•Bias Versions 


Low-Bias Versions 


10 
20 
30 
40 
50 
60 
70 
80 


Ta—Free-Air Temperature— C 


FIGURE 3 


LOW-BIAS VERSIONS 


LARGE-SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 
and PHASE SHIFT 


vs 
FREQUENCY 


10? 
| 
106 
I1 
105 
a 
tio4 
CO 
1 103 


1 
102 


I 
101 


I 
2 
1 
< 


0 


30° 


60° 


90° 


120° 


150° 


180" 


10 k 
100 k 


VDD = 
- Rl* 


10 V 
Mil 
- 
^^?hi 
TA = 25°C 


\y 


p 


(r 


hase Sh 
ight sea 


ft 


e) 


0.1 
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Frequency—Hz 


FIGURE 4 
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TYPES TLC252, TLC25L2, TLC25M2, TLC272, TLC27L2, TLC27M2 
LinCMOSTM DUAL OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 


MEDIUM-BIAS VERSIONS 


LARGE-SIGNAL 
' DIFFERENTIAL VOLTAGE AMPLIFICATION 


and PHASE SHIFT 


FREQUENCY 
107 


106 


105 


10" 


103 


102 


101 


1 


0.1 


i 
VDD = 10 V 


V 
uo,^ 
Ta = 25°C 
\ ^ 
V "^ 
Phase < 
(right s 
hift 
cale) 
N 


^J 
\ 
N 


0 


30° 


60° 
£ 
IE 
co 
90° 
S 
•c 
a. 
120° 


150° 


180 


1 
10 
100 
1k 
10 k 
100 k 
IM 
Frequency-Hz 


FIGURE 5 


HIGH-BIAS VERSIONS 


LARGE-SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 
and PHASE SHIFT 


vs 
FREQUENCY 
10? 
J 
106 


I 
105 
E 
< 
% 1°4 


10 
1 
103 


102 


101 


0.1 


vdd = 10 V 


\ 
ta = 25° C 
A 
V 
^ 
\ 
Ph se Shift (right scale) 


N% 
V fc 1 


V 


• 0 


30c 


60° 


90° 


120° 


150° 


180° 


10 
100 
Ik 
10 k 
100 k 
1M 
10 M 
Frequency—Hz 


FIGURES 
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TYPES TLC252, TLC25L2, TLC25M2, TLC272, TLC27L2, TLC27M2 
LinCMOSTM DUAL OPERATIONAL AMPLIFIERS 


TYPICAL APPLICATION INFORMATION 


latchup avoidance 
Junction-isolated CMOS circuits have an inherent parasitic PNPN structure that can function as an SCR. Under certain 
conditions, thisSCR may betriggered into a low-impedance state, resulting in excessive supply current. To avoid such 
conditions, no voltage greater than 0.3Vbeyond thesupply rails should beapplied toany pin. In general, theopamp supplies 
should be established simultaneously with, or before, any input signals are applied. 


output stage considerations 
The amplifier's output stage consists ofasource follower connected pullup transistor and anopen drain pulldown transistor. 
The high-level output voltage (Voh> isvirtually independent of the Iddselection, and increases with higher values of Vdd 
and reduced output loading. The low-level output voltage (Vol) decreases with reduced output current and higher input 
common-mode voltage. With no load. Vol is essentially equal to the GND pin potential. 


supply configurations 
Even though the TLC252 andTLC272 arecharacterized for single-supply operation, theycanbe used effectively ina split 
supply configuration ifthe input common-mode voltage (V|CR), output swing (Vol and Voh>. andsupply voltage limits 


are not exceeded. 


circuit layout precautions 


Theuseriscautioned that wheneverextremely highcircuit impedances areused,caremust beexercisedinlayout, construction, 
(0 
board cleanliness, and supply filtering toavoid hum and noise pickup, aswell asexcessive DC leakages. 
<j) 
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Operational Amplifiers 


TYPES TLC254, TLC25L4, TLC25M4, TLC274, TLC27L4, TLC27M4 
LinCMOSTM QUAD OPERATIONAL AMPLIFIERS 


Wide Range of Supply Voltages: 
1 V to 16 V (TLC254C) 
3 V to 16 V (TLC274C, TLC274I) 
4 V to 16 V (TLC274M) 


True Single-Supply Operation 


• 
Common-Mode Input Voltage Includes the 
Negative Rail 


• 
Low Noise ... 30 nV/v/Hz Typ at f = 1 kHz 
(High-Bias Versions) 


description 


The TLC254 and TLC274 series are low-cost, low- 
power quad operational amplifiers designed to operate 
with single or dual supplies. These devices utilize the 
Texas Instruments silicon-gate LinCMOS™ process, 
giving them stable input offset voltages that are 
available in selected grades of 2, 5 or 10 mV 
maximum, very high input impedances, and extremely 
low input offset and bias currents. Because the input 
common-mode range extends to the negative railand 
the power consumption is extremely low, this series 
is ideally 
suited for 
battery-powered or energy- 
conserving applications. The TLC254 types offer 
guaranteed operation down to a 1-V supply. All 
devices are unity-gain stable and have excellent noise 


characteristics. 


TEMPERATURE RANGES AND PACKAGES 


D2753. JUNE 1983-REVISEO NOVEMBER 1983 


J. OR N DUAL IN-LINE-PACKAGE 


(TOP VIEW! 
1 OTiTToufl 
'outC 
IN- d 
IN+ C 3 
vcc + C" 
'|N + E 5 
2< IN- C6 
loUT £ 7 


#1 
IN + 


NC 


VCC + 
NC 
*2 IN-|- 


13 UIN- J>AMP HA 
12 3 IN i J 
" IWcc- 
t0]lN+I 
9]IN- J>AMP #3 
83outJ 


FH OR FK PACKAGE 


(TOP VIEW) 
is 
8i 
f- i- (J 
T 
^T 
3t 
=» 
2 
tt 
*t 


I 
I I 
I I 
I I 
I t 
I 
3 
2 
1 20 19 
]4 
]5 
]6 
]7 
]8 


18[ #4 IN+ 
17[ NC 
16[ VCC- 
15[ NC 
14[ #3 IN + 


9 
10 11 12 13 
i—ii—ii—ii—ii—i 
I not 
I 
7 
=> Z 
D Z 
j= o 
o 
^ 


CN 
CM 
3E 


NC-No internal connection 


symbol (each amplifier) 


NONINVERTING 


INPUT IN+ 
TYPES 
TEMPERATURE RANGE 
PACKAGES 


TLC25_4_C 
0°C to 70° 
J. N, D 


TLC27_4_C 
0°C to 70 °C 
J. N, D 


TLC27_4_I 
-40°C to 85 °C 
J. N. D 


TLC27_4_M 
-55°C to 125°C 
J. FH. FK 


DEVICE FEATURES 


PARAMETER 


TLC25L4 


TLC27L4 


(LOW BIAS) 


TLC25M4 


TLC27M4 


(MEDIUM BIAS) 


TLC254 


TLC274 


(HIGH BIAS) 


Supply current (Typ) 
•:c 
. a 
600 ,«A 
4000 ).A 


Slew rate (Typ) 
0.04 V ;,S 
0.6 V/us 
4.5 V/(1s 


Input offset voltage (Max) 


. . . Standard types 


. . . A-suffix types 


. . . B-suffix types 


10 mV 


5 mV 


2 mV 


10 mV 


5 mV 


2 mV 


10 mV 


5 mV 


2 mV 


Offset voltage drift (Typ) 
0.1 /iV/month' 
0.1 fiV/month' 
0.1 jiV/month' 


Offset voltage temperature coefficient (Typ) 
0.7|iW°C 
2 fiV/°C 
5 ,.V7°C 


Input bias current (Typl 
1 pA 
1 pA 
1 pA 


Input offset current (Typ) 
1 pA 
1 pA 
1 pA 


'The long-term drill valuo applies after tho lirst month. 
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TYPES TLC254, TLC25L4, TLC25M4, TLC274, TLC27L4, TLC27M4 
LinCMOSTM QUAD OPERATIONAL AMPLIFIERS 


description (continued) 


Thesedevices have internal electrostatic discharge (ESDI protection circuits that will prevent catastrophic failures 
at voltages up to 2000 volts as tested under MIL-STD-883B. Method 3015.1. However, care should be exercised 
in handling these devices as exposure to ESD mayresult ina degradation of the device parametric performance. 


Because of the extremely high input impedance and low input biasand offset currents, applications forthe TLC254 
andTLC274 series include many areasthathave previously been limited to BIFET andNFET product types. Any circuit 
using high-impedance elements and requiring smalloffset errors is a good candidate for cost-effective use of these 
devices. Many features associated with bipolar technology areavailable with LinCMOS™ operational amplifiers without 
thepower penalties oftraditional bipolar devices. General applications such astransducer interfacing, analog calculations, 
amplifierblocks, active filters, and signalbufferingare alleasilydesigned with the TLC254and TLC274series. Remote 
and inaccessibleequipmentapplications are possible usingthe low-voltage and low-power capabilities of the TLC254. 
The TLC254 types arewell suited tosolve thedifficult problems associated with single-battery andsolar-cell-powered 
applications. This series includes devices that are characterized for commercial, industrial, andmilitary temperature 
ranges andareavailable in14-pin plastic andceramic dual-in-line (DIP) packages, small outline (D) package, andchip 
carrier (FH. FK) packages. 


schematic (each amplifier) 
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TYPES TLC254, TLC25L4, TLC25M4, TLC274, TLC27L4, TLC27M4 
LinCMOSTM OPERATIONAL AMPLIFIERS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vqd (see Note 1) 
18 v 
Differential input voltage (see Note 2) 
±18 V 
Input voltage range (any input) 
~°-3 Vto 18 V 
Duration of short-circuit at (or below) 25 °C free-air temperature (see Note 3) 
unlimited 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 4): 
D package 
950 mW 
FH package (see Note 5) 
1200 mW 
FK package (see Note 5) 
1375 mW 
J package 
1375 mW 
N package 
875 mW 
Operating free-air temperature range: TLC27_4_M 
-55°C to 125°C 
TLC27_4_I 
-25°C to 85°C 
TLC25_4_C, TLC27_4_C 
0°C to 70°C 
Storage temperature range 
- 65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from the case for 60 seconds: 
J package 
300°C 
Lead temperature 1.6 mm (1/16 inch) from the case for 10 seconds: 
Dor Npackage 
260°C 


NOTES: 1. Allvoltage values, except differentialvoltages, aro with respect to network ground terminal. 
2. Differential voltages are at the noninvertinginput terminalwith respect to the Invening input terminal. 
3. Theoutputmaybeshorted to either supply. Temperature and/or supply voltages must be limited to ensure the maximum dissipation rating is 


not exceeded. 
4. 
For operation above 25°C free-air temperature, refer to the Dissipation Derating Table. 
5. For FH andFK packages, power rating andderating factor will vary with thoactual mounting technlquo used. Thevalues statodheearebelived 


to be conservative. 


DISSIPATION DERATING TABLE 


PACKAGE 
POWER 


RATING 


DERATING 


FACTOR 


ABOVE 


TA 


D 
950 mW 
7.6 mW/°C 
25°C 


FH 
1200 mW 
9.6 mW/°C 
25 °C 


FK 
1375 mW 
11 mW/°C 
25°C 


J 
1375 mW 
11 mW/°C 
25°C 


N 
875 mW 
7 mW 
• C 
25°C 


recommended operating conditions 


TLC25_4 


TLC25_4A 


TLC25_4B 


TLC27_4 


TLC27_4A 


TLC27_4B 
UNIT 
MIN 
NOM 
MAX 
MIN 
NOM 
MAX 


Supply voltago, Vdd 


M-suffix types 
16 


V 
l-suffix types 
3 
16 


C-suffix types 
1 
16 
3 
16 


Common-mode input voltage, V\q 


VDD 
= 
1 V 
0 
0.2 


V 
VDD = 4 V 
0 
3 
0 
3 


vDd = 10 v 
-0.05 
9 
-0.05 
9 


vDd -16 V 
-0.05 
14 
-0.05 
14 


Operating free-air temperature. TA 


M-suffix types 
-55 
125 


°C 
l-suffix types 
-40 
85 


C-suffix types 
0 
70 
0 
70 


c/> 
i- 
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TYPES TLC274, TLC27L4, TLC27M4 
LinCMOSTM QUAD OPERATIONAL AMPLIFIERS 


M-SUFFIX TYPES 


electrical characteristics at specified free-airtemperature, Vqd = 10 V (unless otherwise noted) 


PARAM "TER 
TEST CONDITIONS' 
TLC274_M 
TLC27L4.-M 
TLC27M4_M 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


V|0 


Input 


offset 


voltage 


TLC27_4M 


Vq - 1.4 V. 


RS » 50 n 


25°C 
10 
10 
10 


mV 


-55°C 10 125°C 
12 


TLC27_4AM 
25"C 
5 
5 
5 
-55°C to 125°C 
6.5 
6.5 
6.5 


TLC27_4BM 
25°C 
2 
2 
2 
-55°C to 125CC 
3.5 
3.5 
3.5 


"VI0 


Averago temperature 


coefficient of input 


offset voltage 
-55°Cto 125°C 
5 
0.7 
2 
aWC 


iio 
Input olfset current 
VIC -5V, 
V0 
- 
5 V 


25^C 
1 
1 
1 
pA 
-55°C to 125°C 
15 
15 
15 
nA 


'IB 
Input bias current 
V|C - 
5 V. 
V0 - 
5 V 


25CC 
1 
1 
1 
PA 
-55°C to 125CC 
35 
35 
35 
nA 


V|CR 
Common-mode input 


voltage range 
25°C 
-0.2 


to 


9 


-0.2 


to 


9 


-0.2 


to 


9 


V 


VOM 
Peek output voltago 
swing' 
V|D = 100 mV 
25 °C 
8 
8.6 
8 
8.6 
8 
8.6 
V 
-55°C to 125°C 
7.8 
7.8 
7.8 


AVD 
Largo-signal differential 


voltago amplification 
V0 = 1 to 6 V. 
R$ = 50 11 


25°C 
10 
40 
30 
500 
20 
280 
V/mV 
-55" to 125°C 
7 
20 
10 


CMRR 
Common-modo 
rejection ratio 
Vq 
=• 
1.4 V. 


V|C • V|CR min 
25"C 
70 
88 
70 
88 
70 
88 
dB 


kSVR 


Supply voltage 
rejection ratio 


IA VCc'4 V|0I 


Vdd -Bio 10 V. 
Vo - 
1.4 V 
25°C 
65 
82 
70 
88 
70 
88 
dB 


los 
Short-circuit 


output current 
V|0 = 100 mV 
25 °C 
-55 
-55 
-55 


mA 
v0 • vDD, 
V|D = -lOOmV 
15 
15 
15 


idd 
Supply current 
No load. 
V0 - 
5 V. 
V|C - 
5 V 


25"C 
1000 
2000 
10 
20 
150 
300 
„A 
(each err 
-55°Cto 125°C 
3000 
40 
500 


' All characteristics aremeasured under open-loop conditions with zerocommon-mode input voltage unless otherwise specified. Unless otherwise noted, an 
output load resistor is connected form the output to the ground pin. 
•The output will swing to the potential of the ground pin. 
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TYPES TLC274, TLC27L4, TLC27M4 
LinCMOSTM QUAD OPERATIONAL AMPLIFIERS 


l-SUFFIX TYPES 


electrical characteristics at specified free-air temperature, Vqd = 10 V (unless otherwise noted) 


PARAMETER 
TEST CONDITIONS' 
TLC274 _l 
TLC27L4 _l 
TLC27M4_I 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Vio 


Input 


offset 
voltage 


TLC27_4I 


Vq - 
1.4 V. 
R$ = 50 fl 


25°C 
10 
10 
10 


mV 


-40°C lo 85*C 
13 
13 
13 


TLC27_4AI 
25"C 
5 
5 
5 


-40°C to 85°C 
7 
7 
7 


TLC27_4BI 
25 °C 
2 
2 
2 


-40"C to85°C 
3.5 
3.5 
3.5 


"VIO 


Avorago temperature 


coefficient of input 
offset voltago 
-40"C to 85°C 
5 
0.7 
2 
nV/°C 


l|0 
Input offset current 
V|C = 5 V. 
V0 • 
5 V 


25 'C 
1 
1 
1 
pA 
•10'C 
l. 
i!'.'"C 
200 
200 
200 


l|B 
Input bias current 
V,c = 5 V. 
V0 • 
5 V 


25°C 
1 
1 
1 
pA 
-40»C to85°C 
i:-:< 
300 
300 


VlCR 
Common-mode input 


voltage range 
25 °C 


-0.2 


to 


9 


-0.2 


to 


9 


-0.2 


' 
to 


9 


V B 
V0M 
Peak output voltage 
swing' 
Vio 
=> 100 mV 
25°C 
8 
8.6 
8 
8 
6 
8 
8.6 
V 
-40°C lo85°C 
7.8 
7.8 
7.8 
CO 
la> 
AvD 
Largo-signal differential 


voltago amplification 
V0 
= 1 to 6 V. 
Rs = 50 n 


25°C 
10 
•'• 
30 
500 
20 
280 
V/mV 
-40°C to85°C 
7 
20 
10 
0) 


CMRR 
Common-mode 


rejoctlon ratio 
V0 
= 1.4 V, 


VIC = VICR min 
25 "C 
70 
88 
70 
88 
70 
88 
dB 
"a 
E 
< 


*SVR 


Supply voltago 


rejection ratio 


(A Vcc" V|0) 


VDD = 5 to 10 V. 
Vo - 
1.4 V 
25°C 
65 
82 
70 
88 
70 
88 
dB 


'OS 
Short-circuit 


output current 


V0 = o, 
V|D = 100 mV 
25"C 


-55 
-55 
-55 


mA 
"ro 
c 
o 
v0 = vD0. 
Vio = -lOOmV 
15 
15 
15 


'DD 
Supply current 
No load. 
V0 = 5 V. 
V,c - 
5 V 


25°C 
1000 
2000 
10 
20 
150 
300 
mA 
CD 
aW 
CD 
leach an- plifier) 
-40"C to 85°C 
2500 
40 
500 


' Allcharacteristics ere measured under open-loop conditions with zero common-mode input volta 
output load resistor is connected from the output to the ground pin. 
'The output will swing to the potential of tho ground pin. 
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TYPES TLC254, TLC25L4, TLC25M4, TLC274, TLC27L4, TLC27M4 
LinCMOSTM QUAD OPERATIONAL AMPLIFIERS 


C-SUFFIX TYPES 


electrical characteristics at specified free-air temperature, Vqd = 10 V (unless otherwise noted) 


PARAMETER 
TEST CONDITIONS' 
TLC254. 


TLC274. 


-C. 


_C 


TLC25L4 


TLC27L4 _c 


TLC25M4 


TIC27M4 


_C, 


_C 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


V|0 


Input 


offset 


voltago 


TLC2_4C 


Vo - 
1.4 V. 
RS - 50 11 


25°C 
10 
10 
10 


mV 


0°C to 70°C 
12 
12 
12 


TLC2_4AC 
25°C 
5 
5 
5 
0°C to 70 "C 
6 
5 
6.5 
6.5 


TLC2_4BC 
25°C 
2 
2 
2 
0°C to 70 °C 
3 
3 
3 


"VIO 


Avorage temperature 
coefficient of input 


offset voltage 
0°C to 70°C 
5 
0.7 
2 
mV/°C 


ho 
Input offset current 
Vic - 
5 V. 
V0 = 5 V 


1 
1 
1 
PA 
0°C to 70 "C 
100 
100 
100 
i "B 


Input bios current 
V|C - 5 V. 
V0 - 
5 V 


25°C 
1 
1 
1 
pA 
0°C to 70 "C 
150 
150 
150 


VlCR 
Common-mode input 
voltage range 
25"C 
-0.2 


to 


9 


-0.2 


to 


9 


-0.2 


to 


9 


V 


VOM 
Peak output voltage 
swing' 
V|Q - 
100 mV 
25°C 
8 
8.6 
:- 
8.6 
8 
8.6 
V 
0°C to 70°C 
7.8 
7 8 
- 
e 


AV0 
Largo-signal differential 


voltage amplification 
V0 
- 
1 to 6 V. 
RS - 50 n 


25°C 
10 
40 
30 
500 
20 
280 
V/mV 
0° to 70°C 
7.5 
25 
15 


CMRR 
Common-mode 


rejection ratio 
V0 
= 1.4 V. 


V|C - VICR min 
25 "C 
70 
88 
70 
88 
70 
88 
dB 


*SVR 


Supply voltage 
tejoction ratio 
(A VCC/A V|0I 


Vqd - 
b to io v, 
Vo - 
1.4 V 
25 "C 
65 
82 
70 
88 
70 
88 
dB 


'OS 
Short-circuit 


output current 


Vo 
» 0. 
V|D = 100 mV 
25 °C 
-55 
-55 
-55 


mA 
v0 = vDD. 
V|D - 
- 100 mV 
15 
15 
15 


'DO 
Supply current 
No load, 
V0 - 
5 V. 


V|C 
= 5 V 


25°C 
1000 
2000 
10 
20 
150 
300 
pA 
0°C to 70 °C 
2200 
30 
400 


' All characteristics aremeasuredunderopen-loop conditions withzerocommon-mode input voltage 
output load resistor is connected from the output to the ground pin. 
'The output will swingto the potential of the ground pin. 


jnless otherwise specified. Unless otherwise noted, i 
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TYPES TLC254, TLC25L4, TLC25M4 
LinCMOSTM QUAD OPERATIONAL AMPLIFIERS 


C-SUFFIX TYPES 


electrical characteristics at specified free-air temperature, Vqd = 1 V (unless otherwise noted) 


TLC254_C 
TLC25L4_C 
TLC25M4_C 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Input 
V|Q 
offset 


voltage 


TLC25_4C 


Vq - 0.2 V. 
RS - 50 Q 


25 'C 
10 
10 
10 


mV 


0°C to 70 °C 
12 
12 
12 


TLC25_4AC 
25 CC 
5 
5 
5 


0°C to 70 "C 
6 5 
6.5 
6.5 


TLC25_4BC 
25°C 
2 
2 
2 


0°C to 70 °C 
3 
3 
3 


Average temperature 
nV|g 
coefficient of input 


offset voltage 


0°C to 70 CC 
1 
1 
1 
pV/"C 


llO 
Input offset current 
V0 
- 0.2 
25 
C 
1 
1 
1 
pA 
0°Cto 70 "C 
100 
100 
100 


IjB 
Input bias current 
V0 
-• 
0.2 
25 -C 
1 
1 
1 
PA 
0°C to 70 °C 
150 
150 
150 


Common modo input 
ICR 
voltage range 
25 "C 


0 


to 


0.2 


0 


to 


0.2 


0 


to 


0.2 


V 


Peak oulput voltage 
VOM 
. 
. 
swing- 
V|o • 
100 mV 
25°C 
450 
450 
450 
mV 


Large-signal differential 
AvD 
voltage amplification 
Vq - 
100 to 300 mV. 


RS = 50 n 
25 °C 
10 
20 
20 
VrniV 


Common-mode 
CMRR 
rejection ratio 
Vq • 0.2 V. 


V|C 
• 
V,CR mm 
25 °C 
77 
77 
77 
dB 


Supply current 
'nn 
™ 
(each amplifier) 


No load. 
V0 
• 0.2 V 
25 "C 
12 
2 
2 
«A 


' Allcharacteristics aro measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. Unless otherwise i 
output load resistor is connocted form the output to the ground pin. 
'The output willswing to the potential of the ground pin. 


operating characteristics, Vqd = 1 V, Ta = 25 °C 


PARAMETER 
TEST CONDITIONS 
TLC254_C 
TLC25L4_C 
TLC25M4_C 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


3; 
Unity-gain bandwidth 


Av 
= 40 dB. 


CL = 10 pF. 


RS = 50 n 


75 
12 
12 
kHz 


SR 
Slew rate at unity gain 
See Figure 1 
0.01 
0.001 
0.001 
V/Ws 


Overshoot (actor 
See Figure 1 
30% 
35% 
35% 


CO 
i- 
0) 


"5. 
E 
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c 
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TYPES TLC254, TLC25L4, TLC25M4, TLC274, TLC27L4, TLC27M4 
LinCMOSTM QUAD OPERATIONAL AMPLIFIERS 


operating characteristics, Vdd = 10 V, Ta 
= 
25 °C 


PARAMETER 
TEST CONDITIONS 


TLC254_C 
TLC274_M 


TLC274_I 


TLC274_C 


TLC25L4_C 


TLC27L4_M 


TLC27L4_I 


TLC27L4_C 


TLC25M4_C 


TLC27M4_M 


TLC27M4_I 


TLC27M4_C 


UNIT 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Bi 
Unity-gain bandwidth 
AV = 40 dB, 
CL = 10 pF. 
RS = 50 n 


2.3 
0.1 
0.7 
MHZ 


Slew rate at 
SR 
unity gain 
See Figure 1 
4.5 
0.04 
0.6 
V/»i8 


Overshoot factor 
See Figure 1 
35% 
30% 
35% 


Phase margin at 
*m 
unity gain 


AV = 40 dB. 
RS = 100 0. 


CL = 10 pF 


50° 
43° 
43° 


Equivalent input 


noise voltage 


f = 
1 kHz, 
RS = 100n 
30 
70 
38 
nVj-jHi 


Cross talk 
V01/V02 
attenuation 
AV = 100 
120 
120 
120 
dB 


PARAMETER MEASUREMENT INFORMATION 


OUTPUT 


INPUT 


FIGURE 1-UNITY-GAIN AMPLIFIER 
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TYPES TLC254, TLC25L4, TLC25M4, TLC274, TLC27L4, TLC27M4 
LinCMOSTM QUAD OPERATIONA AMPLIFIERS 


TYPICAL CHARACTERISTICS 


SUPPLY CURRENT 


vs 


SUPPLY VOLTAGE 


SUPPLY CURRENT 


vs 
FREE-AIR TEMPERATURE 


10,000 v0 = Vic = 0.2 vDD 


No load 
Ta = 25°C 
See Note 6 
Hi9 t-Bia 
Versions 


/ 


/ 
1 
Mediurr -Bias Ver ions 


/ 
f 


* 


LoVi -Bias Ver ions 


1 
•"" 


10,000 


High-Bias i/ersions 


vDd = i°v 
V|C = 0V 
V0= 2 V 


No load 


Mec ium-E ias Versions 


Low Bias Versions 


1000 


0 
-z 
1 I 
> | 10° 


V) 
e 
I 
Q 
Q 
10 


< 
1000 
f 


° 
100 


10 


0 
2 
4 
6 
8 
10 
12 
14 
16 
18 
20 


Vdd-Supply Voltage—V 


10 
20 
30 
40 
50 
60 
70 
80 


Ta—Free-Air Temperature—°C 


FIGURE3 
FIGURE 2 
NOTE 6: 
Data for VDd le" than 4 v does no' "PP'V *or tho TLC274 series. 


LOW-BIAS VERSIONS 


LARGE-SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 
and PHASE SHIFT 


vs 
FREQUENCY 
107 


.1 106 
I 
•= 
105 
a 
E 
; 
io4 
SI 
re| 
103 


13 
E 
102 


vdd = 10 V 


\ 


UG 
ta = >5°C 
% s» 
V 
\ 
Phase Shift 
(right scale) 


5 
^ 
I 
§ 
1 
< 


0.1 


o 


30° 


60° 


90° 


120° 


150° 


180° 


0.1 
10 
100 
1 k 


Frequency—Hz 


FIGURE 4 


10 k 
100 k 
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TYPES TLC254, TLC25L4, TLC25M4, TLC274, TLC27L4, TLC27M4 
LinCMOSTM QUAD OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 


MEDIUM-BIAS VERSIONS 


LARGE-SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 


and PHASE SHIFT 


vs 


FREQUENCY 
10' 
vDd = iov 
106 
0° 
•W * 
TA = 25°C 
10S Y\ 
KX 
30° 
\S 
10* 
\v 
60° 
£ 
C' 


103 
^ 
X 


w 
90° 
S 
Phase Shift 


102 


101 


(right scale) 
120° 


150° 


180° 


0.1 
1 
10 
100 
1 k 
10 k 
100 k 
IM 
Frequency- Hz 


FIGL RE 5 


HIGH-BIAS VERSIONS 


LARGE-SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 


and PHASE SHIFT 


vs 
FREQUENCY 


VDD = 10 V 
RL= 10k£2.| 0° 
Ta =25°C 


30° 


60° 


90° 


Ik 
10 k 
100 k 
Frequency—Hz 


FIGURE 6 


10 M 


to 
120° £ 


150° 


180° 
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TYPES TLC254, TLC25L4, TLC25M4, TLC274, TLC27L4, TLC27M4 
LinCMOSTM QUAD OPERATIONAL AMPLIFIERS 


TYPICAL APPLICATION INFORMATION 


latchup avoidance 


Junction-isolated CMOS circuits have an inherent parasitic PNPN structure that can function as an SCR. Under certain 
conditions, this SCR may be triggered into a low-impedance state, resulting in excessive supply current. To avoid such 
conditions, no voltage greater than 0.3 V beyond the supply rails should be applied to any pin. In general, the op amp supplies 
should be established simultaneously with, or before, any input signals are applied. 


output stage considerations 


The amplifier's output stage consists of a source-follower-connected pullup transistor and an open-drain pulldown transistor. 
The high-level output voltage (Vqh) is virtually independent of the Idd selection, and increases with higher values of Vdd 
and reduced output loading. The low-level output voltage (Vol) decreases with reduced output current and higher input 
common-mode voltage. With no load, Vol is essentially equal to the GND pin potential. 


supply configurations 


Even though the TLC254 and TLC274 are characterized for single-supply operation, they can be used effectively in a split- 
supply configuration if the input common-mode voltage (V|cr), output swing (Vol and Voh>. and supply voltage limits 


are not exceeded. 


CO 
circuitlayout precautions 
gj 


The user is cautioned that whenever extremely high circuit impedances are used, care must be exercised in layout, construction, 
™ 
board cleanliness, and supply filtering to avoid hum and noise pickup, as well as excessive DC leakages. 
Q- 


< 


15 
c 
o 
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CO 
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Operational Amplifiers 


LINEAR 
INTEGRATED 
CIRCUITS 


TYPES TLC261, TLC262, TLC264 
PROGRAMMABLE LOW-POWER LinCMOSTM OPERATIONAL AMPLIFIERS 


Wide Range of Supply Voltage: 2 V to 16 V 


True Single-Supply Operation 


Designed for Performance Similar to Popular 
BIFET Op Amps 


Common-Mode Input Voltage Includes the 
Negative Rail 


Slew Rate ... 12 V//iS Typ 


High Input Impedance . . . 1012 fl Typ 


DEVICE FEATURES 


PARAMETER 
FEATURE 
Supply current per channel (Typ) 
2.5 mA 
Slew rate (Typl 
12 V/^s 


Input offset voltage (Max) 


. . . Standard types 


. . . A-suffix types 


. . . B-suffix types 


10 mV 


5 mV 


2 mV 


Offset voltage drift (Typ) 
0.1 jiV/month* 


Offset voltage temperature coefficient (Typl 
5 ,iV/°C 


Input bias current (Typ) 
1 pA 


Input offset current (Typ) 
1 pA 


Operating temperature range 
-40°C to 85°C 


'The long-termdrift value applies after tho first month, 


description 


The 
TLC261, 
TLC262, 
and 
TLC264 
LinCMOS™ operational amplifiers are designed 
to provide a true single-supply alternative to the 
popular BIFET op amps. The negative supply rail 
is included in both input and output common- 
mode voltage ranges. In addition, these devices 
feature input offset voltage selection. 


Unlike traditional metal-gate CMOS op amps, 
these devices 
utilize the Texas Instruments 
silicon-gate LinCMOSTM process giving them 
stable input offset voltages without sacrificing 
the advantage of metal-gate CMOS. Because the 
input 
common-mode 
range 
extends 
to 
the 
negative rail and the power consumption is 
extremely low, this family is ideally suited for 
battery-powered 
or 
energy-conserving 
applications. All devices are stable at unity gain. 


D2827. JANUARY 1984 


TLC261 
D, JG. OR P DUAL-IN-LINE PACKAGE 


(TOP VIEW) 


OFFSET NlQl U 8DBIAS SELECT 
IN-£2 
7 >DD 
IN+C3 
6 DOUT 
GND[> 
5 ^OFFSET N2 


TLC262 
D, JG. OR P DUAL-IN-LINE PACKAGE 


(TOP VIEW) 
outQi U bQvdd 
IN- C 2 
7 i]OUT 
IN+C 3 
6 DllSI — 
GNDC" 
5^IN + 


TLC264 
D. J. 
OR N DUAL-IN-LINE PACKAGE 


(TOP VIEW) 


AMP #1 
IN+M3 
VCC-I C" 
IN+ C 5 
A.Y.P 
:< IN- £6 
.OUTC? 


vc 


symbol 


NONINVERTING 


INPUT IN+ 


INVERTING 


INPUT IN- 


OFFSET N1 


OFFSETN2 


out QTTJiTTnout 
in- C2 
13Din- 


symbol (each amplifier) 


TLC262. TLC264 


} 


AMP #4 
l2plN + 
'1 Dvcc- 
10 U IN 
9 I] IN- 
>A(vi!' 
8 UOUT 


NONINVERTING 


INPUT IN+ 


INVERTING 


INPUT IN-->" 
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TYPES TLC261, TLC262, TLC264 
PROGRAMMABLE LOW-POWER LinCMOSTM 
OPERATIONAL AMPLIFIERS 


absolute maximum ratings over operating free-air temperature (unless otherwise noted) 


Supply voltage, Vdd (see Note 1) 
18V 
Differential input voltage (see Note 2) 
± 18 V 
Input voltage range (any input) 
-0.3 V to 18 V 
Duration of short-circuit at (or below) 25 °C free-air temperature (see Note 3) 
unlimited 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 4): 
TLC261 ID, TLC262ID 
725 mW 
TLC261IJG, TLC262IJG 
825 mW 
TLC261 IP, TLC262IP 
725 mW 
TLC264ID 
950 mW 
TLC264IJ 
1025 mW 
TLC264IN 
875 mW 
Operating free-air temperature range 
-40°C to 85°C 
Storage temperature range 
- 65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J or JG package 
300°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D, N, or P package 
260 °C 


NOTES: 1. 
All voltage values, except differential voltages, are with respect to network ground terminal. 
2. 
Differential voltages are at the noninvertlng Input terminal with respect to the inverting input terminal. 
3. 
The output may be shorted to either supply. Temperature and/or supply voltages must be limited to ensure the maximum dissipation rating is 
not exceeded. 
4. 
Foroperation above 25 °C free-air temperature, refer to Dissipation Derating Table below. In the J and JG packages, these chips are glass mounted. 


DISSIPATION DERATING TABLE 


PACKAGE 
POWER 


RATING 


DERATING 


FACTOR 


ABOVE 


TA 


D (8-Pin) 
725 mW 
5.8 mW/°C 
25 °C 


D 114-Pin) 
950 mW 
7.6 mW/°C 
25°C 


J (glass mounted) 
1025 mW 
8.2 mW/°C 
25 °C 


JG (glass mounted) 
825 mW 
6.6 mW/°C 
25°C 


N 
875 mW 
7 mW/°C 
25 °C 


P 
725 mW 
5.8 mW/°C 
25 °C 


recommended operating conditions 


MIN 
NOM 
MAX 
UNIT 


Supply voltage. Vdd 
2 
16 
V 


Common-mode input voltage, V|c 


vDD = 2 v 
0 
1.2 


V 
vDd = 4 v 
0 
3 


vDd = iov 
-0.05 
9 


vDD = lev 
-0.05 
14 


Operating free-air temperature, T/^ 
-40 
85 
°c 
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LINEAR 
INTEGRATED 
CIRCUITS 


Wide Range of Supply Voltages 
3 V to 16 V (TLC277C, TLC277I) 
4 V to 16 V (TLC277M) 


• 
True Single-Supply Operation 


Common-Mode Input Voltage Includes the 
Negative Rail 


• 
Low Noise ... 30 nV/VHz Typ at 


f 
= 
1 kHz (TLC277) 


description 


The members of the TLC277 family are low-offset- 
voltage, 
low-power, 
dual 
operational 
amplifiers 
designed to operate with single or dual supplies. These 
devices utilize the Texas Instruments silicon-gate 
LinCMOS™ process, providing stable input offset 
voltages, very high input impedances, and extremely 
low input offset and bias currents. This series is ideally 
suited 
for 
battery-powered 
or 
energy-saving 
applications because the input common-mode range 
includes the negative rail and the power comsumption 
is extremely low. 


These devices have internal electrostatic discharge 
(ESD) protection circuits that will prevent catastrophic 
failures at voltages up to 2000 volts as tested under 
MIL-STD-883B, 
Method 
3015.1. 
However, 
care 
should be exercised in handling these devices as 
exposure to ESD may result in a degradation of the 
device parametric performance. 


DEVICE FEATURES 


TYPES TLC277. TLC27L7, TLC27M7 
LinCMOS™ DUAL OPERATIONAL AMPLIFIERS 


D2798. OCTOBER 1983 


D. JG. OR P DUAL-IN-LINE PACKAGE 


(TOP VIEW) 
outDi D sQVdd 
IN- C 2 
7 ] OUT 
IN+ Q3 
6 3 IN- 
GND(I 4 
5 3 IN + 


FH OR FK PACKAGE 


(TOP VIEW) 


I- 


O 
Q 
O 
_ 
U 
Q U 
Z Z Z > 2 
' 
l—l UU L_l l_l V 
3 
2 
1 20119 
\ 
NC ]4 
18 [ NC 
# 1 IN- ] 5 
17[ #2 OUT 
NC ]6 
16[ NC 
#1 IN+ ] 7 
15[ #2 IN- 
NC ]8 
14[ NC 


V 
9 
10 11 12'13 
/ 


CJ Q 
(J 
+ 
CJ 
z 
z 
z 
z 
z 
CD 
- 


NC-No internal connection 


symbol (each amplifier) 


NONINVERTING - 


INPUT IN+ 


INVERTING - 


INPUT IN- 


DEVICE TYPES AND PACKAGES 


PARAMETER 
TLC27L7 
TLC27M7 
TLC277 
Supply current (Typ) 
20 nA 
300 ^A 
2000 M 
Slew rate (Typ) 
0.04 V,,,s 
0.6 V/>s 
4.5 V/,iS 
Input offset voltage (Max) 
0.5 mV 
0.5 mV 
0.5 mV 
Offset voltage drift (Typl 
0.1 (.V/month' 
0.1 |,V/month' 
0.1 /.V/month1 
Input bias current (Typ) 
1 pA 
Input offset current (Typ) 
1 pA 
1 pA 
1 pA 


DEVICE TYPE 
PACKAGE 


TLC277M 
FH, FK. JG 


TLC27L7M 
FH. FK. JG 


TLC27M7M 
FH, FK, JG 


TLC277I 
D. JG. P 


TLC27L7I 
D, JG. P 


TLC27M7I 
D. JG. P 


TLC277C 
D. JG. P 


TLC27L7C 
D. JG. P 


TLC27M7C 
D. JG. P 


The long-term drift value applies after the first month. 
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TYPES TLC277, TLC27L7, TLC27M7 
LinCMOS™ DUAL OPERATIONAL AMPLIFIERS 


description (continued) 


Because of the extremely high input impedance and low input bias and offset currents, applications for the TLC277 
series include many areas that have previously been limited to BIFET and NFET product types. Any circuit using high- 
impedance elements and requiring small offset errors is a good candidate for cost-effective use of these devices. Many 
features associated with bipolar technologyare available with LinCMOS7 
operationalamplifiers without the power 
penalties of traditional bipolar devices. General applications such as transducer interfacing, analog calculations, amplifier 
blocks, active filters, and signal buffering are all easily designed with the TLC277 series. This series includes devices 
that will be characterized for commercial, industrial, and military temperature ranges and will be available in 8-pin 
plastic and ceramic dual-in-line (P, JG) packages, small-outline (D) package, and chip carrier (FH, FK) packages. 


schematic (each amplifier) 


vdd 
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TYPES TLC277, TLC27L7, TLC27M7 
LinCMOS™ DUAL OPERATIONAL AMPLIFIERS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vqd 'see Note 1) 
18V 
Differentialinput voltage (see Note 2) 
± 18 V 
Input voltage range (any input) 
- 0.3 V to 18V 
Duration of short-circuit at (or below) 25 °C free-air temperature (see Note 3) 
unlimited 
Continuous total dissipation at (or below) 25 °C free-air temperature (see Note 4) 
D package 
725 mW 
FH package (see Note 5) 
1200 mW 
FK package (see Note 5) 
1375 mW 
JG package 
1050 mW 
P package 
725 mW 
Operatingfree-air temperature range: TLC277M, TLC27L7M, TLC27M7M 
-55°C to 125°C 
TLC277I, TLC27L7I, TLC27M7I 
-40°C to 85°C 
TLC277C, TLC27L7C, TLC27M7C 
0°C to 70°C 
Storage temperature range 
- 65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: FH, FK, or JG package 
300°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or P package 
260°C 


NOTES: 1. 
All voltage values, except differential voltages, are with respect to network ground terminal. 
2. 
Differential voltages aro at the noninverting input terminal with respect to the inverting input terminal. 
3. The output may be shorted to either supply. Temperaturo anoVor supply voltages must be limited to ensure the maximum dissipation rating is 


not exceeded. 
4. 
For operation above 25°C free-air temperature, refer to the Dissipation Derating Table. 
5. ForFHand FKpackages, power ratingand derating(actor will vary withthe actual mountingtechniqueused. Thevalues stated hero are believed 


to be conservative 


DISSIPATION DERATING TABLE 


PACKAGE 
POWER 


RATING 


DERATING 


FACTOR 


ABOVE 
ta 


D 
725 mW 
5.8 mW/°C 
25 °C 


FH 
1200 mW 
9.6 mW/°C 
25°C 


FK 
1375 mW 
11 mW/°C 
25°C 


JG 
1050 mW 
8.4 mW/°C 
25°C 


P 
725 mW 
5.8 mW/°C 
25°C 


recommended operating conditions 


MIN 
NOM 
MAX 
UNIT 


Supply voltage. Vdd 
M-suffix types 
4 
16 
V 
l-suffix and C-suffix types 
3 
16 


Common-mode input voltage, V|rj 


VDD = 4 V 
0 
3 


V 
vDd = io v 
-0.2 
9 


VDD = 
16 V 
-0.2 
14 


Operating free-air temperature. Ta 


M-suffix types 
-55 
125 


°C 
l-suffix types 
-40 
85 


C-suffix types 
0 
70 
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M-SUFFIX TYPES 


electrical characteristics at specified free-air temperature, Vqd = 10 V (unless otherwise noted) 


PARAMETER 
TLC277M 
TLC27L7M 
TLC27M7M 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Vio 
Input offset voltage 
V0 = 1-4 V. 
RS - 50 1) 


25°C 
0.5 
0.5 
0.5 
mV 
-55°C to 125°C 
2 
2 
2 


Average temperature 


«VI0 
coefficient of input 
offset voltage 


-55°C to 125°C 
5 
0.7 
2 
fiV/°C 


l|0 
Input offset current 
Vic = 5 V. 
V0 = 5V 


25°C 
1 
i 
1 
pA 


-55°C to 125°C 
15 
15 
15 
nA 


l|B 
Input bias current 
Vie = 5 V. 
V0 = 5 V 


25 "C 
1 
1 
1 
pA 


-55"C to 125°C 
35 
35 
35 
nA 


Common-mode input 


voltago range 
25°C 


-0.2 


to 


9 


-0.2 


to 


9 


-0.2 


to 


9 


V 


Peak output voltage 
V0M 
• 
i 
swing' 
V|d - 
100 mV 
25°C 
8 
8.6 
8 
8.6 
8 
8.6 
V 
-55°C to 125°C 
7.8 
7.8 
7.8 


Large-signal differential 
voltage amplification 
V0 = 1 to 6 V. 
RS 
50 1! 


25°C 
10 
40 
30 
500 
20 
280 
V/mV 
-55° to 125°C 
7 
20 
10 


Common-mode 
CMRR 
rejection ratio 
Vq = 1.4 V. 


V|C " VICR min 
25°C 
70 
88 
70 
88 
70 
88 
dB 


Supply voltage 


kSVR 
rejection ratio 


(A Vcc/A V|0) 


VDD = 5 to 10 V. 
Vq = 1.4 V 
25 °C 
65 
82 
70 
88 
70 
88 
dB 


Short-circuit 
'OS 
output current 


v0 - 
o. 
V|D = 100 mV 
25 °C 


-55 
-55 
-55 


mA 
v0 = vDd- 
V|D = -lOOmV 
15 
15 
15 


Supply current 


(each amplifier) 


No load. 
V0 = 5 V, 


V,C = 5 V 


25°C 
1000 
2000 
10 
20 
150 
300 
/'A 
-55°C to 125°C 
3000 
40 
500 


' Allcharacteristics arc measured under open-loop conditions with *oro common-mode input voltage unless othe 
Irom tho output to tho ground pin. 
'The output willswing to the potential ol the ground pin. 


specilied. Unless otherwise noted, an output load i 
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I-SUFFIX TYPES 


electrical characteristics at specified free-air temperature, VqD = 10 V (unless otherwise noted) 


PARAMETER 
TEST CONDITIONS' 
TLC277I 
TLC27L7I 
TLC27M7I 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


V|0 
Input offset voltage 
Vo - 
1.4 V, 
RS = 50 n 


25°C 
0.5 
0.5 
0.5 
mV 
-40°C to 85°C 
2 
2 
2 


"VIO 


Average temperature 
coefficient of input 
offset voltage 


-40°C to 85°C 
5 
0.7 
2 
mV/°C 


•to 
Input offset current 
V|C = 5 V. 
V0 - 
5 V 


25°C 
1 
1 
1 
pA 
-40°C to 85°C 
200 
200 
200 


llB 
Input bias current 
V|C = 5 V. 
V0 = 5V 


25 "C 
1 
1 
1 
pA 
-40°C to 85 °C 
300 
300 
300 


V|CR 
Common-mode input 


voltage range 
25 °C 
-0.2 


to 


9 


-0.2 


to 


9 


-0.2 


to 


9 


V 


VOM 
Peak output voltage 
swing' 
V|D - 
100 mV 
25 °C 
8 
8.6 
8 
8.6 
8 
8.6 
V 
-40°C to 85 °C 
7.8 
7.8 
7.8 


AvD 
Large-signal differential 


voltage amplification 
Vq • 
1 to 6 V. 


RS - 
50 1! 


25°C 
10 
40 
30 
500 
20 
280 
V/mV 
-40°C to 85°C 
7 
20 
10 


CMRR 
Common-mode 


rejection ratio 
Vo = 1-4 V. 


V|C 
= VICR min 
25 °C 
70 
88 
70 
88 
70 
88 
dB 


kSVR 


Supply voltage 


rejection ratio 


(A VCCM V|0) 


vDd = 5 to io v. 
V0 = 1.4 V 
25 °C 
65 
82 
70 
88 
70 
88 
dB 


'OS 
Short-circuit 


output current 


v0 - o. 


V|D = 100 mV 
25 °C 
-55 
-55 
-55 


mA 
v0 = vDD. 
V|D 
= -100 mV 
15 
15 
15 


'DD 
Supply current 
(each amplifier) 


No load, 
V0 = 5 V. 


V|C = 5 V 


25"C 
1000 
2000 
10 
20 
150 
300 
„A 
-40°C to 85°C 
3000 
40 
500 


'Allcharacteristics aromeasured underopen-loopconditionswith zero common-modeinputvoltagounless otherwise specified. Unlessotherwise noted, an output load resistor is connected 
from the output to the ground pin. 
'The output willswing to tho potentialof the ground pin. 
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C-SUFFIX TYPES 


electrical characteristics at specified free-air temperature, Vqd 
-10 V (unless otherwise noted) 


PARAMETER 
TEST CONDITIONS' 
TLC277C 
TLC27L7C 
TLC27M7C 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


V|0 
Input offset voltage 
V0 = 1.4 V. 


RS 
50 !) 


25 "C 
0.5 
0.5 
0.5 
mV 
0°C to 70°C 
1.5 
1.5 
1.5 


"Vio 


Average temperature 


coefficient of input 


offset voltage 


0°C to 70 °C 
5 
0.7 
2 
mV/°C 


iio 
Input offset current 
V|C 
5 V. 
V0 
5 V 


25 °C 
1 
1 
1 
pA 
0°C to 70°C 
100 
100 
100 


'IB 
Input bias current 
V|C ^ 5 V. 
Vo 
= 5 V 


25 °C 
1 
1 
1 
PA 
0°C to 70 °C 
l(>0 
150 
150 


V|CR 
Common-mode input 


voltage range 
25 °C 


-0.2 


to 


9 


-0.2 


to 


9 


-0.2 


to 


9 


V 


vOM 
Peak output voltage 
swing' 
V|D " 100 mV 
25 "C 
8 
8.6 
8 
8.6 
8 
8.6 
V 
0°C to 70 °C 
7.8 
7.8 
7.8 


AVD 
Large-signal differential 


voltage amplification 
Vo • 
1 to 6 V. 
RS = 50 n 


25°C 
10 
40 
30 
500 
20 
280 
V/mV 
0° to 70°C 
7 5 
25 
15 


CMRR 
Common-mode 


rejection ratio 
Vo 
= 1.4 V, 


VIC 
V|CR min 
25°C 
70 
88 
70 
88 
70 
88 
dB 


kSVR 


Supply voltage 


rejection ratio 


(A Vcc'^ V|0I 


Vdd " 5 to 10 V. 
Vo " 1.4 V 
25 °C 
65 
82 
70 
88 
70 
88 
dB 


'OS 
Short-circuit 


output current 


v0 = 0. 


V|D 
100 mV 
25°C 


-55 
-55 
-55 


mA 
vo - vDd. 
V|d = - 100 mV 
15 
15 
15 


Idd 
Supply current 


(each amplifier) 


No load. 


V0 
- 
5 V, 


V|C 
5 V 


25 °C 
1000 
2000 
10 
20 
150 
300 
pA 
0°C to 70 °C 
2200 
30 
400 


'Allcharacteristics aromeasuredunderopen-loop conditions withzerocommon-modo inputvoltage unlessotherwisespecified. Unlessotherwisenoted,an outputloadresistoris connected 
from the output to the ground pin. 
*The output will swing to the potential of the ground pin. 
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TYPES TLC277, TLC27L7, TLC27M7 
LinCMOS™ DUAL OPERATIONAL AMPLIFIERS 


operating characteristics, Vqd = 10 V, Ta 
= 
25°C 


PARAMETER 
TEST CONDITIONS 


TLC277M 


TLC277I 


TLC277C 


TLC27L7M 


TLC27L7I 


TLC27L7C 


TLC27M7M 


TLC27M7I 


TLC27M7C 
UNIT 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Bi 
Unity-gain bandwidth 
Ay • 40 dB, 
CL = 10 pF, 
RS = 50 n 


2.3 
0.1 
0.7 
MHz 


Slew rate at 
CD 
unity gain 
See Figure 1 
4.5 
0.04 
0.6 
V/Vs 


Overshoot factor 
See Figure 1 
35% 
30% 
35% 


Phase margin at 
m 
unity gain 


AV = 40 dB, 
RS - 
100 n. 


CL = 10 pF 


50° 
43° 
43° 


Equivalent input 


noise voltage 


f 
= 
1 kHz. 
RS = 100 I) 
30 
70 
38 
nV/VRz 


Crosstalk 
V°'/V°2 
attenuation 
AV = 100 
120 
120 
120 
dB F1 


PARAMETER MEASUREMENT INFORMATION 


INPUT 


OUTPUT 


FIGURE 1-UNITY GAIN AMPLIFIER 
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TYPES TLC277, TLC27L7, TLC27M7 
LinCMOS™ DUAL OPERATIONAL AMPLIFIERS 


10,000 


TYPICAL CHARACTERISTICS 


SUPPLY CURRENT (EACH AMPLIFIER) 


vs 


SUPPLY VOLTAGE 


E 
1000 
a. 
E 
ro 


•6 
IS 
Z 
100 


vo 
No 


TA 


= V 


load 


= 25 


C = 


°C 


D.2VDD 


iHigh-BiasVe sion 


M ediu tvB^sVe sion 


-Lo>„*ta5Versions 


SUPPLY CURRENT (EACH AMPLIFIER) 


vs 


FREE-AIR TEMPERATURE 
10,000 
VDD = 10V 
$ 
V|C = 0V 


amplifier)- 


o o 


High-Bias Versions 
V0 = 2V 


No load 


1 
Medium-Bias Versions 


Current(( 


o o 


a 
Low-Bias Versions 


7 
a 
Q 


10 


0 
2 
4 
6 
8 
10 
12 
14 
16 
18 
20 


VoD-Supply Voltage-V 


FIGURE 2 


0 
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TA-Free-Air Temperature-°C 


FIGURE 3 


LOW-BIAS VERSIONS 


LARGE-SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 


and PHASE SHIFT 


vs 


FREQUENCY 
107 


e 
o 
106 


3 


— 
105 
a 
E 
< 
& 
104 


1 
103 


a 
102 


5 
101 


a 
1 


0.1 


vdd = 10 V 


v 


tb 
Ta =25°c 
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p 


11 
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FIGURE 4 
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TYPES TLC277, TLC27L7, TLC27M7 
LinCMOS™ DUAL OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 


MEDIUM-BIAS VERSIONS 
LARGESIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 


and PHASE SHIFT 


vs 
FREQUENCY 
107 


0 
10b 


3 


a 
105 


b 
< 
ft 
104 


£ 
103 


3 


c 
102 


£ 


Q 
101 


a 
> 
1 


0.1 


0 


30° 


60° 
£ 


V) 
90° 
i 
CO 
JZ 
a. 
120° 


150° 


180° 


vDd = iov 


w 
vh 
Ta = 25°C 
% \i 
>\ 


Phase 5 
(right s 
hift 
cale) 


N 
\ 
N 


10 
100 
1k 
10 k 
Frequency-Hz 


FIGURE 5 
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HIGH-BIAS VERSIONS 


LARGE-SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 


and PHASE SHIFT 


vs 
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TYPES TLC277, TLC27L7, TLC27M7 
LinCMOS™ DUAL OPERATIONAL AMPLIFIERS 


TYPICAL APPLICATION INFORMATION 


latchup avoidance 


Junction-isolated CMOS circuits have an inherent parasitic PNPN structure that can function as an SCR. Under certain 
conditions, this SCR may be triggered into a low-impedance state, resulting in excessive supply current. To avoid such 
conditions, no voltage greater than 0.3 V beyond the supply rails should be applied to any pin. In general, the op amp supplies 
should be established simultaneously with, or before, any input signals are applied. 


output stage considerations 


The amplifier's output stage consists of a source follower connected pullup transistor and an open drain pulldown transistor. 
The high-level output voltage IVoh' 's virtually independent of the Iqd selection, and increases with higher values of Vdd 
and reduced output loading. The low-level output voltage (Vol) decreases with reduced output current and higher input 
common-mode voltage. With no load. Vol is essentially equal to the GND pin potential. 


supply configurations 


Even though the TLC277 is characterized for single-supply operation, it can be used effectively in a split-supply configuration 
if the input common-mode voltage (V|CR>. output swing (Vol arid Voh'- and supply voltage limits are not exceeded. 


circuit layout precautions 


The user is cautioned that whenever extremely high circuit impedances are used, care must be exercised in layout, construction, 
q 
board cleanliness, andsupply filtering to avoid hum and noise pickup, as well as excessive DC leakages. 
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LINEAR 
INTEGRATED 
CIRCUITS 


Open-Loop Voltage Amplification 
. . . 3600 Typ 


CMRR. . . 100 dB Typ 


Designed to be Interchangeable with 


Fairchild <iA702 


description 


The uA702 is a high-gain, wideband operational 
amplifier having differential inputs and single-ended 
emitter-follower outputs. Provisions are incorporated 
within the circuit whereby external components may 
be used to compensate the amplifier for 
stable 
operation under various feedback or load conditions. 
Component matching, inherent in silicon monolithic 
circuit-fabrication techniques, produces an amplifier 
with low-drift and low-offset characteristics. The 
uA702 is particularly useful for applications requiring 
transfer or generation of linear and nonlinear functions 
up to a frequency of 30 MHz. 


The uA702 is characterized for operation over the full 
military temperature range of -55°C to 125°C. 


symbol 


NONINVERTING 


INPUT IN+ 


TYPE uA702M 
GENERAL-PURPOSE OPERATIONAL AMPLIFIER 


D1004. JUNE 1976-REVISED OCTOBER 1983 


JG DUAL-IN-LINE PACKAGE 


{TOP VIEW) 
gndDi O snvcc-f 
IN- C 2 
7 3 OUT 
IN+ L 3 
6] LAG COMP 
VCC- C4 
5 3 LEAD COMP 


U FLAT PACKAGE 


(TOP VIEW) 


NCC*1 
GNDC 2 
IN- C 3 
IN+ C 4 
vcc-Cb 


10 D VCC + 
9 3 NC 
8 3 OUT 
7 3 LAG COMP 
6 3 LEAD COMP 


NC-No internal connection 


schematic 


GND 


INVERTING 
INPUTIN- 
NONINVERTING 


INPUTIN+ 


Component values shown are nominal 


w 
1- 
VCC+ 
o 


*•>•» 


LEAD 
o. 
E 
COMP 


LAG 
< 


COMP 
"co 
c 
OUTPUT 
o 


+•• 
CO 
%m 
a> 
a. 
O 
VCC- 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage Vcc + 'see Note 1' 
14 V 
Supply voltage Vcc - <see Note 1' 
- 7 V 
Differential inputvoltage (see Note 2) 
±5 V 
Input voltage (either input, see Notes 1 and3) 
-6 V to 1.5 V 
Peakoutput current (tw s 1 s) 
50 mA 
Continuous total dissipation at (orbelow) 70°C free-air temperature (see Note 4) 
300 mW 
Operating free-air temperature range 
- 55°Cto 125°C 
Storage temperature range 
-65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds 
300°C 


NOTES: 1. Allvoltago values, unless otherwise noted, are with respoct to the network ground terminal. 
2. Differential voltages are at tho noninvertinginput terminalwith respect to the invertinginput terminal. 
3. The magnitude of the inputvoltagemust neverexceodthe magnitude of tho lesser of tho two supplyvoltages. 
4. 
Foroperation above 70°C froo-oirtemperaturo. roforto DissipationDeratingCurvos,Section 2. Intho JG packages. uA702M chips aro alloy-mountod. 


Copyright © 1979 by Texas Instruments Incorporated 
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TYPE uA702M 
GENERAL-PURPOSE OPERATIONAL AMPLIFIER 


electrical characteristics at specified free-air temperature 


PARAMETER 
TEST CONDITIONS' 
••'cc 


vCc 


+ 
= 12 V 


_ 
= 
-6V 
vCc+ 
- 
vCc- 
- 


6 
V 


3V 
UNIT 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


V|0 
Input offset voltage 
Rs s 2kQ 
25 °C 
0.5 
2 
0.7 
3 
mV 
Full range 
3 
4 


°VI0 


Average temperature 


coefficient of 


input offset voltage 


RS = 50 0 
-55°C to 25°C 
2 
10 
3 
15 
^V/°C 
25-Cto 125°C 
2.5 
10 
3.5 
15 


ho 
Input offset current 


25°C 
0.2 
0.5 
0.12 
0.5 


(.A 
-55°C 
0.4 
1.5 
0 
3 
1.5 


125°C 
0.08 
0.5 
0.05 
0.5 


"110 


Average temperaturo 


coefficient of 


input offset current 


-55°C to25°C 
3 
16 
2 
13 
nA/°C 
25°Cto 125°C 
1 
5 
0.7 
4 


>IB 
Input bias current 
25°C 
2 
5 
1.2 
3.5 
/-A 
••H 
-55°C 
4.3 
10 
2.6 
7.5 
kI 
VlCR 
Common-mode 


input voltage rango 


Positive swing 
25°C 
0.5 
1 
0.5 
1 
V 
Ed 
Negative swing 
-4 
-5 
-1.5 
-2 
^^^^^ 


VOM 
Maximum peak 


output voltage swing 


RL a 100 kl) 
25 °C 
±6 
±5.3 
±2.5 
±2.7 


V 
o 
Full rango 
15 
±2.5 


•D 
CD 
-1 


RL - 
10 kO 
25°C 
±3.5 
±4 
±1.5 
±2 


RL a 10 kf) 
Full range 
:3 5 
±1.5 
03 
5' 
Avd 
Large-signal differential 


voltage amplification 
R|_ a 100 kf] 


V0 = ±5V 
25-X 
2500 
3600 
6000 


Full range 
2000 
7000 


V0 • 
±2.5 V 
25°C 
600 
900 
1500 


03 
Full range 
500 
1750 


> 
3 


q 
Input resistance 
25CC 
16 
40 
22 
67 
kO 
Full range 
6 
8 


ro 
Output resistance 
Vq = 0. 
See Note 5 
2b 
C 
200 
500 
300 
700 
a 


CMRR 
Common-mode 


rejection ratio 
R$ s 2 kfl 
25 °C 
80 
100 
80 
100 
.IB 
^> 
Full range 
70 
70 
CD 
—t 
W 
kSVS 


Supply voltage 


sensitivity 


UV|0WVCC1 


RS s 2 kf) 
25°C 
75 
75 
pVN 
Full rango 
200 
200 


ice 
Supply current 
No load. 
No signal 


25°C 
5 
6.7 
2.1 
3.3 


mA 
-55°C 
5 
7.5 
2.1 
3.9 


125°C 
4.4 
6.7 
1.7 
3.3 


PD 
Total power dissipation 
No load. 
No signal 


25 "C 
90 
120 
19 
30 


mW 
-55°C 
90 
135 
19 
35 


125°C 
80 
120 
lb 
30 


*All characteristics are specified underopen-loop operotlon. Full rango is -55°C to 125°C. 
NOTE 5: This typical value applies only at frequencies above a few hundred hertz becauso of the effects of drift and thermal feedback. 
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TYPE UA702M 
GENERAL-PURPOSE OPERATIONAL AMPLIFIER 


operating characteristics Vcc+ = 12 V, Vcc- = -6 V, Ta = 25°C 


PARAMETER 
TEST 


FIGURE 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


tr 
Rise time 
1 
V| = 10 mV, 
Cl = 0 
25 
120 
ns 


2 
V| = 1 mV 
10 
30 
ns 


Overshoot factor 
1 
V| = 10 mV, 
CL = 100 pF 
10% 
50% 


2 
V| = 1 mV 
20% 
40% 


SR 
Slew rate 
1 
V| = 6 V, 
Cl = 100 pF 
1.7 
VIpB 
2 
V| = 100 mV 
11 


PARAMETER MEASUREMENT INFORMATION 


o 
v 


INPUT VOLTAGE 
WAVEFORM 


I 
0 V 


INPUT VOLTAGE 


WAVEFORM 


200 pF 


FIGURE 1-UNITY-GAIN AMPLIFIER 


RL - 100 kI2 


FIGURE 2-GAINOF-100 AMPLIFIER 


CO 


.22 


a 
E 
< 


"co 
c 
o 
"8 


a> 
a 
O 


Texas 
Instruments 


POST OFFICE BOX 225012 • 
DALLAS, TEXAS 75265 


3-213 


TYPE UA702M 
GENERAL-PURPOSE OPERATIONAL AMPLIFIER 
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TYPICAL CHARACTERISTICS 


MAXIMUM PEAK-TO PEAK OUTPUT VOLTAGE 


FAEOUENCY 
(for vt*lout Uf comp*AMt>on*) 


LAHGE SIGNAL OIFFEBENTIAL 
VOLTAGE AMPLIFICATION 


FREQUENCY 
'•out lag I --;*•-.»•< > 


I0M 
100M 


r-Fr«qu§nev-H/ 


FIGURE 6 


LAG COMPENSATION CIRCUIT 
FOR FIGURES 3, 4, AND 5 


LEAD-LAG COMPENSATION CIRCUIT 


FOR FIGURE 6 
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TYPES UA709AM, uA709M, uA709C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 


D942, FEBRUARY 1971-REVISED AUGUST 1983 


• 
Common-Mode Input Range ... ±10 V Typical 


Designed to be Interchangeable with Fairchild 
^A709A, ^A709. and ^A709C 


Maximum Peak-to-Peak Output Voltage 
Swing . . . 28-V Typical with 15-V Supplies 


description 


These 
circuits 
are 
general-purpose 
operational 
amplifiers, each having high-impedance differential 
inputs and 
a low-impedance output. Component 
matching, inherent with silicon monolithic circuit- 
fabrication techniques, produces an amplifier with 


low-drift and low-offset characteristics. Provisions are 
incorporated within the circuit whereby external 
components may be used to compensate the amplifier 
for stable operation under various feedback or load 
conditions. These amplifiers are particularly useful for 
applications requiring transfer or generation of linear 


or nonlinear functions. 


The 
uA709A 
circuit 
features 
improved 
offset 
characteristics, reduced input-current requirements, 
and lower power dissipation when compared to the 
uA709 circuit. In addition, maximum values of the 
average temperature coefficients of offset voltage and 
current are guaranteed. 


The uA709AM and uA709M are characterized for 
operation over the full military temperature range of 


- 55 °C to 125 °C. The uA709C is characterized for 
operation from 0°C to 70 °C. 


symbol 


FREQ 
FREQ 


COMP 
COMP 


A 
B 


OUTPUT 


UA709AM, UA709M ... J OR W PACKAGE 


(TOP VIEW) 


7I7i4 


2 
13 
NC C 
NC C 
FREQ COMP B C 
IN- £ 
IN+ £ 
vcc- C 
NC C 


] NC 
J NC 
] FREQ COMP A 
Dvcc + 
] OUT 
] OUT FREQ COMP 
J NC 


UA709AM, uA709M . . . JG PACKAGE 


uA709C . . . JG OR P PACKAGE 


(TOP VIEW) 


FREQ COMP BQ' U 8• FREQ COMP A 
IN-C2 
7HVCC + 
IN+ E 
VCC-C 
6 D OUT 
5 J OUT FREQ COMP 


UA709AM, UA709M . . . U FLAT PACKAGE 


(TOP VIEW) 


NC C« 
FREQ COMP B[2 
IN- C 3 
IN+ fj4 
vcc- C5 


10 ] NC 
9 D FREQ COMPA 
8DVCC + 
7 1 OUT 
6 2 OUT FREQ COMP 


NC—No internal connection 


(fi 
i- 
,0) 


"5. 
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"co 
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CD 
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TYPES UA709AM, uA709M, uA709C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 


schematic 


NONINVERTING 
INPUT 


Component values thown are nominal. 


VCC+ 


OUTPUT 
FREQUENCY 


COMPENSATION 


' 
Vcc- 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


UA709AM 


UA709M 
UA709C 
UNIT 


Supply voltage Vcc+ (see Note 1) 
18 
18 
V 
Supply voltage Vqc- (see Note 1) 
-18 
-18 
V 
Differential input voltage (see Note 2) 
±5 
±5 
V 
Input voltage (either input, see Notes 1 and 3) 
±10 
±10 
V 
Duration of output short-circuit (see Note 4) 
5 
5 
s 
Continuous total dissipation at (or below) 70 °C free-air temperature (see Note 5) 
300 
300 
mW 
Operating free-air temperature range 
-55 to 125 
0 to 70 
°C 
Storage temperature range 
-65 to 150 
- 65 to 150 
°C 
Load temperature 1,6 mm 11/16 inch) from case for 60 seconds 
J, JG, U. or W package 
300 
300 
°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 
P package 
260 
°C 


NOTES: 1. All voltagevalues,unlessotherwise noted, are with respectto the midpoint betweenVcc+ and Vcc-- 
2. 
Differential voltages are at the noninverting input terminal with rospect to the inverting input terminal. 
3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 10 volts, whichovor Is less. 
4. 
The output may be shorted to ground or either power supply. 
5. 
For operation of UA709AMand uA709M above 70°C free-air temperature, refer to the Dissipation Derating Curves, Section 2. In the J and JG 
packages. UA709AMand uA709M chips are alloy-mounted; uA709C chips are glass-mounted. 
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TYPES UA709AM, uA709M, uA709C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-air temperature, Vcc± = ±9Vto±15V (unless otherwise noted) 


PARAMETER 
TEST CONDITIONS' 
MIN 


UA709AM 


TYP1 
MAX 
MIN 


UA709M 


TYP: 
MAX 
UNIT 


V|q 
Input offset voltage 
Vq =0, 
RjS 10 kO 
25°C 
0.6 
2 
1 
5 
mV 
Full range 
3 
6 


Average temperature 


n\/|Q 
coefficient of input 


offset voltage 


V0 =0. 
RS = 50 D 
Full range 
1.8 
10 
3 
mV/°C 
Vo =0. 
Rs = 10 kQ 
Full rango 
4.8 
25 
6 


Ijq 
Input offset current 
V0 = 0 


25°C 
10 
50 
50 
200 


nA 
-55°C 
40 
250 
100 
500 


125°C 
3.5 
50 
20 
200 


Average temperature 


<i|IO 
coefficient of input 


offset current 


V0 
= 0 
-55°C to 25°C 
0.45 
2.8 
nA/°C 


25 °C to 125°C 
0.08 
0.5 


l|g 
Input bias current 
v0 = o 
25°C 
0.1 
0.2 
0.2 
0.5 
/•A 
-55°C 
0.3 
0.6 
0.5 
1.5 


Common-mode 
V|CR 
input voltage range 
VCC± = ±15V 
25°C 
±8 
±10 
±8 
ilO 
V 
Full range 
±8 
±8 


Maximum peak-to-peak 
vOPP 
output voltage swing 


VCC± = ±15 V, RL a 10 kf! 
25°C 
:•• 
28 
24 
28 


V 
Full rango 
24 
24 


VCCt 
= ±15 V, RL = 2 kfl 
25°C 
20 
26 
20 
26 


VCC ± • 
± 15 V, RL a 2 kfl 
Full range 
20 
20 


Largo-signal differential 
Ayr) 
voltage amplification 
VCC± = -,5 v- 
RL a 2 kn- 
V0 = ±10V 


25°C 
45 
45 
V/mV 
Full range 
25 
70 
25 
70 


t; 
Input resistance 
25°C 
350 
750 
150 
400 
kfl 
-65*C 
85 
185 
40 
100 


r0 
Output resistance 
Vq « 0 
Soo Note 6 
25 "C 
150 
150 
11 


Common-mode 
CMRR 
rejection ratio 
V|C • V,CR min 
25°C 
80 
110 
70 
90 
dB 
Full range 
80 
70 


Power supply sensitivity 
kcwc 
IAVio/AVccI 
VCC = ±9 V to ±15 V 
25°C 
40 
100 
25 
150 
dV/V 
Full range 
100 
150 


>CC 
Supply current 
VCC± " ±'BV. 
No load, 


V0 = 0 


25°C 
2.5 
3.6 
2.6 
5.5 


mA 
-55°C 
2.7 
4.5 


125°C 
2.1 
3 


P[) 
Total power dissipation 
VCC± " 
±'5V. 
No load, 


V0 = 0 


25°C 
75 
108 
78 
165 


mW 
-55°C 
81 
135 


125°C 
63 
90 


' Allcharacteristics are specified i 


is -55°C to 125°C. 
'All typical valuesare at Vcc± 


NOTE 6: This typical value applio 


idor open-loop with zoro common-mode input voltage unless othorwiso specified. Full rango for uA709AM and uA709M 


i ±15 V. 
only at frequencies above a few hundrod hertz because of the offccts of drift and thermal feedback. 
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TYPES UA709AM, uA709M, uA709C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-air temperature (unless otherwise noted Vcc ± = ± 15 VI 


PARAMETER 
TEST CONDITIONS' 
UA709C 
UNIT 
MIN 
TYP 
MAX 


VlO 
Input offset voltage 
Vcc* = ±9 Vto ±15 V, V0 = 0 
25°C 
2 
7.5 
mV 
Full range 
10 


ho 
Input offset current 
VCC± = ±9 Vto ±15 V. V0 = 0 
25°C 
100 
500 
nA 
Full range 
750 


'IB 
Input bias current 
Vcc± = ±9 Vto ±15 V. V0 = 0 
25 °C 
0.3 
1.5 
pA 
Full range 
2 
VlCR 
Common-mode input voltage range 
25°C 
±8 
- 10 
V 


Vopp 
Maximum peak-to-peak 


output voltago swing 


RL a 
10 kf) 
25°C 
24 
28 


V 
Full range 
24 
RL = 2 kfl 
25°C 
20 
26 
RL a 
2 kf) 
Full range 
20 


AvD 
Large-signal differential 


voltage amplification 
RL ^ 2 kQ, 
Vo = ±10 V 
25°C 
15 
45 
V/mV 
Full range 
12 


rj 
Input resistance 
25°C 
50 
250 
kf! 
Full range 
35 


r0 
Output resistance 
Vq = 0. 
See Note 6 
25°C 
150 
n 
CMRR 
Common-mode rejection ratio 
VIC = VICR mi" 
25°C 
65 
90 
dB 
kSVS 
Supply voltage sensitivity 
VCC = ±9Vto±15V 
25°C 
25 
200 
MV/V 


PD 
Total power dissipation 
V0 
= 0 
No load 
25°C 
80 
200 
mW 


'All characteristics arespecified under open-loop operation with zero volts common-mode voltage unless otherwise specifiod. Full range for uA709C is0°C 
to 70°C. 
NOTE6: This typical value applies only at frequencies above a few hundred hertz because of the effects of drift and thermal feedback. 
operating characteristics Vcc± = ±9 V to ±15 V, Ta = 25°C 


PARAMETER 
TEST CONDITIONS 


UA709AM 


UA709M 


uA709C 
UNIT 


MIN 
TYP 
MAX 


tr 
Rise time 
V| = 20 mV. 
R|_ = 2 kf). 
See Figure 1 
CL = 0 
0.3 
1 
/<s 
Overshoot factor 
CL = 100 pF 
6% 
30% 


V| 


ov 


INPUT VOLTAGE 


WAVEFORM 


PARAMETER MEASUREMENT INFORMATION 


Ol OUTPUT 
INPUT fO- 


5000 pF 


FIGURE 1-RISE TIME AND SLEW RATE 
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TYPES UA714C, uA714E, uA714L 
ULTRALOWOFFSETVOLTAGE OPERATIONAL AMPLIFIERS 


Ultra-Low Offset Voltage . . . 30 /iV Typ 
(uA714E) 


Ultra-Low Offset Voltage Temperature 
Coefficient ... 0.3 /iV/°C Typ (uA714E) 


Ultra-Low Noise 


• 
No External Components Required 


• 
Replaces Chopper Amplifiers at a Lower 
Cost 


• 
Single-Chip Monolithic Fabrication 


• 
Wide Input Voltage Range 
0 to ±14 V Typ 


• 
Wide Supply Voltage Range 
±3 Vto ±18 V 


• 
Essentially Equivalent to PMI OP-07 Series 
Operational Amplifiers 


• 
Direct Replacements for Fairchild /tA714C, 
^A714E. /IA714L 


description 


These devices represent a breakthrough in operational amplifier performance. Low offset and long-term stability are 
achieved by means of a low-noise, chopperless, bipolar-input-transistor amplifier circuit. For most applications, no 
external components are required for offset nulling and frequency compensation. The true differential input, with a 
wide input voltage range and outstanding common-mode rejection, provides maximum flexibility and performance 
in high-noise environments and in noninvertingapplications. Lowbias currents and extremely high input impedances 
are maintained over the entire temperature range. The uA714 is unsurpassed for low-noise, high-accuracy amplification 


of very-low-level signals. 


These devices are characterized for operation from 0°C to 70 °C. 


schematic 


OFFSETN1 


OFFSETN2 


NONINVERTING ,3) 
INPUT IN 


INVERTING 


02789, FEBRUARY 1984 


symbol 


JG OR P DUAL-IN-LINE PACKAGE 
(TOP VIEW) 


OFFSET N1 Ql U 8P OFFSET N2 
IN- Q 
IN+ C 
VCC- C 


7 Hvcc + 
6 J OUT 
5 1 NC 


NC —No internal connection 


NONINVERTING 


INPUT IN+ 


vcc- 


co 
.£ 


"5. 
E 
< 


c 
o 
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CO 
i- 
d> 
a 
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TYPES UA714C, uA714E, uA714L 
ULTRALOW-OFFSET VOLTAGE OPERATIONAL AMPLIFIERS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage Vcc + Isee Note 1) 
22 V 
Supply voltage Vqq _ 
- 22 V 
Differential input voltage (see Note 2) 
±30 V 
Input voltage (either input, see Note 3) 
±22 V 
Duration of output short circuit (see Note 41 
unlimited 
Continuous total dissipation at (or below) 25 °C free-air temperature (see Note 5) 
500 mW 
Operating free-air temperature range 
0°C to 70°C 
Storage temperature range 
- 65 °C to 150 °C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package 
300°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: P package 
260 °C 


NOTES: 1. All voltage values, unless otherwise noted, arewith respect tothemidpoint between Vcc+ and Vcc-- 
2. Differential voltagesare at the noninvening inputterminal withrespect to the inverting inputterminal. 
3. Themagnitude of the inputvoltage must never exceedthe magnitude of the supply voltage or 15 volts,whichever is less. 
4. 
The output may be shorted to ground or eithor power supply. 
5. Foroperation above 25°Cfree-air temperature, refer toDissipation Derating Curvos inSoction 2.IntheJGpackage, those chips ereglass mounted. 
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electrical characteristics at specified free-air temperature, Vcc * = ± 15 V (unless otherwise noted) 


PARAMETER 
TEST CONDITIONS' 
uA714C 
UA714E 
UA714L 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


V|0 
Input offsot voltoge 
V0 = 0. 
Rg = 50 Q 
25°C 
60 
150 
30 
75 
100 
250 
„V 
0°C to 70 °C 
85 
250 
45 
130 
400 


"VIO 
Temperature coefficient of 


input offsot voltage 
V0 = 0. 
RS = 50 Q 
0°C to 70°C 
0.5 
1.8 
0.3 
1.3 
1 
3 
/iV/°C 


Long-term drift of 


input offset voltago 
See Note 6 
0.4 
2 
0.3 
1.5 
0.5 
3 
jiV/mo 


Offsot adjustment r8ngo 
Hs 
20 Mi, 
See Figure 1 
25 °C 
±4 
±4 
•••. 
mV 


'10 
Input offsot current 
25°C 
0.8 
6 
0.5 
3.8 
5 
2.0 
nA 
0°C to 70°C 
1.6 
8 
0.9 
5.3 
8 
40 


"110 
Temperaturo coefficient of 


input offset current 
0°C to 70 °C 
12 
50 
8 
35 
20 
100 
pA/°C 


'IB 
Input bias current 
25°C 
il.B 
±7 
±1.2 
±4 
16 
±30 
nA 
0°C to 70 "C 
±2.2 
±9 
±1.5 
±5.5 
±15 
±60 


"MB 
Temperaturo coefficient of 


input bias current 
0CC to 70 °C 
18 
50 
13 
35 
35 
150 
pA/°C 


VlCR 
Common-mode input 


voltage range 


25CC 
±13 
1 14 
: 13 
1 14 
i 
13 
±14 
V 
0°Cto 70 °C 
i13 
±13.5 
! 13 
113 5 
±13 
i13.5 


V0M 
Peak output voltago 


RL > 10 kll 


25 "C 


±12 
±13 
: 12.5 
• 13 
i 12 
113 


V 
RL a 
2 kQ 
±11.5 
±12.8 
±12 
±12.8 
±11 
±12.8 


RL a 1 kQ 
±12 
110.5 
• 12 
±12 


RL a 
2 kQ 
0°C to 70 °C 
±11 
±12.6 
i 
12 
112.6 
±10 
112.6 


AVD 
Large-signal differential 


voltage amplification 


VCC± • ±3V. 
V0 - ±0.5V. 


RL Z 500 kQ 
25 °C 
100 
400 
150 
500 
50 
150 


V/mV 
Vq = ±10 V. 
RL = 2 kQ 
25 °C 
120 
400 
200 
500 
100 
300 


0°C to 70 °C 
100 
400 
180 
450 
80 
400 


B1 
Unity gain bandwidth 
25°C 
0.6 
0.6 
0.6 
MHz 


r| 
Input rosistanco 
25°C 
8 
33 
15 
50 
8 
33 
Ml) 


CMRR 
Common-mode 


rejection ratio 
V|C = ±13 V. 
RS = 50 Q 
25°C 
100 
120 
106 
123 
100 
120 
dB 
0°C to 70 °C 
97 
120 
103 
123 
94 
120 


kSVR 
Supply voltago rejoction 


ratio (AVcc/AV|ol 


VCC± 
" 
±3 Vto ±18 V. 


RS - 50 0 


25-C 
90 
104 
94 
107 
90 
104 
dB 
0°C to 70°C 
86 
100 
90 
104 
83 
100 
32 


Po 
Power dissipation 


V0 - 
0, 
No load 


25°C 


80 
150 
75 
120 
100 
180 


mW 
VCC± = ±3V. 
V0 = 0. 


No load 
4 
8 
4 
6 
5 
12 


'All characteristics aro measured undor open-loop conditions with zero common-mode input voltago unless otherwise noted. 
NOTE 6: 
Since long-term drift cannot bo measured on the individual devices prior to shipment, this specification is not intended to be a guarantee or 
of the averaged trend lino of drift versus time over extended periods after the first thirty days of operation. 
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TYPES uA714C, uA714E, uA714L 
ULTRA-LOW-OFFSET VOLTAGE OPERATIONAL AMPLIFIERS 


operating characteristics at specified free-air temperature, Vcc± = ±15 V (unless otherwise noted) 


PARAMETER 
TEST CONDITIONS' 
uA714C 
UA714E 
UA714L 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


vn 
Equivalent input 


noise voltage 
TA - 
25°C 


1 
10 Hz 
10.5 
20 
10.3 
18 
10.5 


nV/vRT 
f 
- 
100 Hz 
10 2 
13.5 
10 
13 
10.2 


I 
- 
l kHz 
9.8 
11.5 
9.6 
11 
9.8 


VNPP 


Peak-to-peak 


equivalent input 


noise voltage 


f = 0.1 Hz to 10 Hz. 


TA = 25 °C 
0.38 
0.65 
0.35 
0.6 
mV 


Equivalent input 


noise current 
TA = 25 °C 


f 
= 10 Hz 
0.35 
0.9 
0.32 
0.8 
0.35 
0.8 


pA/vhT 
f 
= 
100 Hz 
0.15 
0.27 
0.14 
0.23 
0.15 
0.23 


f 
- 
1 kHz 
0.13 
0.18 
0.12 
0.17 
0.13 
0.17 


'npp 


Peak-to-peak 


equivalent input 


noise current 


f - 
0.1 Hz to 10 Hz. 


TA = 25 °C 
15 
35 
14 
30 
15 
pA 


SR 
Slew rate 
RL > 2 kfl. 
TA = 25°C 
0.17 
0.17 
0.17 
V/,,s 


All characteristics are measured under open-loop conditions with zerocommon-mode input voltage unless otherwise specified. 


TYPICAL APPLICATION DATA 


vcc+ 


vcc- 


FIGURE 1-INPUT OFFSET VOLTAGE NULL CIRCUIT 
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Short-Circuit Protection 


Offset-Voltage Null Capability 


Large Common-Mode and 
Differential Voltage Ranges 


No Frequency Compensation Required 


Low Power Consumption 


No Latch-up 


Designed to be Interchangeable with Fairchild 
/tA.741M, ^A741C 


description 


The uA741 is a general-purpose operational amplifier 
featuring offset-voltage null capability. 


The high common-mode input voltage range and the 
absence of latch-up make the amplifier ideal for 
voltage-follower applications. The device is short- 
circuit 
protected 
and 
the 
internal 
frequency 
compensation ensures 
stability 
without 
external 
components. A low potentiometer may be connected 
between the offset null inputs to null out the offset 
voltage as shown in Figure 2. 


The uA741M is characterized for operation over the 
full military temperature range of -55°Cto 125°C; 
the uA741C is characterized for operation from 0°C 
to 70°C. 


symbol 


NONINVERTING 


INPUT IN+ 
OUTPUT 


TYPES UA741M, uA741C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIER 


D920. NOVEMBER 1970-REVISED AUGUST 1983 


UA741M ... J PACKAGE 


(TOP VIEW) 


Ncn 
NCfJ 
OFFSET N1 C 
IN- £ 
IN+ £ 
vcc-C 
NC[J 


ran 


2 
13 
3nc 
Dnc 
Dnc 
DvCc + 
3 OUT 
3 OFFSET N2 
3NC 


uA741M . . . JG PACKAGE 


uA741C ... D, P. OR JG PACKAGE 


(TOP VIEW) 


OFFSET N1 |j 1 Us 3nc 
IN- £ 
IN+ C 


2 
7 


3 
6 
3vCc + 
3 OUT 
vcc-C 4 
5 ] OFFSET N2 
E*l 


uA741M . . . U FLAT PACKAGE 
El 


(TOP VIEW) 
w 
•> 
9 


"5. 
E 
< 


NCE 
OFFSET N1 fj 
IN- £ 
IN+ £ 


•1 
10 


2 
9 


3 
8 


4 
7 


3 NC 
3 nc 
Dvcc + 
3 OUT 
vcc-C 5 
6 3 OFFSET N2 


(0 
c 
o 


CO 
l_ 
a) 
a 
O 


UA741M . . . FH. FK PACKAGE 


I rop view 


z 


UJ 
to 


1 


(J 
u. 
o 
o 
u 
z 
o 
z 
z 
z 


3 
2 
1 20 19 
X 
NC ]4 
18[ NC 
IN- ]5 
17[ VCC + 
NC ]6 
16[ NC 
IN+ ] 7 
15[ OUT 
NC ]8 
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TYPES uA741M, uA741C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 


schematic 


INVERTING 
INPUTIN- 


NONINVERTING 
INPUTIN+ 


o 


3 


5 
3 


> 
3 
•o_ 
51 
5" 
JJ5 
absolute maximum ratings over operating free-air temperature range (unlessotherwise noted) 


Vcc+ 


OUTPUT 


Vcc- 


UA741M 
UA741C 
UNIT 
Supply voltage Vcc+ (see Note 1) 
22 
18 
V 
Supply voltago VqC- (see Nole H 
-22 
-18 
V 
Differential input voltage (see Note 2) 
:30 
= 30 
V 
Input voltage any input (see Notes 1 and 3) 
= 15 
= 15 
V 
Voltage between either offset null terminal (N1/N2) and Vcc- 
= 0.5 
= 0.5 
V 
Duration of output short-circuit (see Note 4) 
unlimited 
unlimited 
Continuous total power dissipation at (or below) 25 °C free-air temperature (see Note 5) 
500 
500 
mW 
Operating free-air temperature range 
-55 to 125 
0 to 70 
°C 
Storage temperature range 
-65 to 150 
-65 to 150 
°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds FH. FK, J, JG. or U package 
300 
300 
°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds D. N or P package 
260 
°C 


NOTES: 1. All voltago values,unlessotherwise noted, are withrespect to the midpoint between Vq^^. and Vqq_. 
2. Differential voltages aro at the noninverting input terminal with respect to the inverting input terminal. 
3. 
The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less. 
4. 
The output may be shorted to ground or either power supply. Forthe uA741M only, the unlimitedduration of the short-circuit applies at (or below) 
125°C case temperature or 75"C free-air temperature. 
5. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves. Section 2. In the J and JG packagos. uA741M chips aro 
alloy mounted; uA741C chips are glass mounted. 
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TYPES UA741M, uA741C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-air temperature, Vcc + = 15 V, Vcc - 
= 
- 15 V 


PARAMETER 
TEST CONDITIONS' 
UA741M 
uA741C 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


V|0 
Input offset voltage 
V0 = 0 
25°C 
1 
5 
1 
6 
mV 
Full range 
6 
7.5 


AV,o(a 
Offset voltage 
" adjustrange 
V0 = 0 
25 °C 
±15 
±15 
mV 


ho 
Input offset current 
V0 = o 
25°C 
20 
200 
20 
200 
nA 
Full range 
500 
300 


'IB 
Input bias current 
V0 = 0 
25°C 
80 
500 
80 
500 
nA 
Full range 
1500 
800 


V|CR 
Common-mode 
input voltage range 


25°C 
± 12 
±13 
= 12 
• 13 
V 
Full range 
• 12 
±12 


VOM 
Maximum peak 
output voltage swing 


RL = 10 k!) 
25°C 
±12 
±14 
±12 
±14 


V 
RL 2= 10 k!i 
Full range 
±12 
±12 
RL - 
2 k!> 
25°C 
±10 
±13 
±10 
±13 
RL > 2 kfi 
Full range 
±10 
±10 


AvD 
Large-signal differential 


voltage amplification 
RL a 2 kfi 
25°C 
50 
200 
20 
200 
V/mV 
V0 = ±10 V 
Full range 
25 
15 


r. 
Input resistance 
25°C 
0.3 
2 
0.3 
2 
MS! 


'o 
Output resistance 
v0 = o. 


See Note 6 
25 °C 
75 
75 
fi 


C| 
Input capacitance 
25°C 
1.4 
1.4 
pF 


CMRR 
Common-mode 


rejection ratio 
VIC = VICR min 
25 °C 
70 
90 
70 
90 
dB 
Full range 
70 
70 


KSVS 


Supply voltage 


sensitivity 


(AV|0/AVCC) 


VCC = ± 9 V 


to 
± 15 V 


25°C 
30 
150 
30 
150 
/•V/V 
Full range 
150 
150 


los 
Short-circuit 


output current 
25°C 
±25 
±40 
±25 
±40 
mA 


•cc 
Supply current 
No load. V0 = 0 
25°C 
1.7 
2.8 
1.7 
2.8 
mA 
Full range 
3.3 
3.3 


pd 
Total power dissipation 
No load, V0 = 0 
25°C 
50 
85 
50 
85 
mW 
Full range 
100 
100 


'All characteristics are measured under open-loopconditionswith zero common-modein 
-55°C to 125°C and for uA741C is 0°C to 70°C. 
NOTE 6: This typical value applies only at frequencies above a few hundred hertz beca 


put voltage unless otherwise i 


use of the olfocts of drift and 


ipecified. Full range for uA741M 
is 


thermal feedback. 
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TYPES uA741M, uA741C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 


operating characteristics, Vcc+ :=15 V, Vcc- = -15 V, Ta = 25°C 


PARAMETER 
TEST CONDITIONS 
UA741M 
UA741C 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
tr 
Rise time 
V| - 20 mV, 
RL = 2 kJl. 


CL 
100 pF, 
See Figure 1 


0.3 
0.3 
*« 
Overshoot factor 
5% 
5% 


SR 
Slew rate at unity gain 
V|-10V. 
RL = 2kfi. 
Cl - 100 pF, 
See Figure 1 
0.5 
0.5 
V/us 


PARAMETER MEASUREMENT INFORMATION 


v, 


0 V 


INPUT VOLTAGE 
WAVEFORM 


CL = 100 pF 


TEST CIRCUIT 


FIGURE 1-RISE TIME, OVERSHOOT, AND SLEW RATE 


TYPICAL APPLICATION DATA 


TO VCC- 


F1GURE 2 - 
INPUT OFFSET VOLTAGE NULL CIRCUIT 


OUTPUT 


RL-2kn 
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INPUT OFFSET CURRENT 


FREE-AIR TEMPERATURE 


VCC- 
15V 


C- 


J_ 
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V 
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> 
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\ 


-40 
0 
40 
80 
120 
T^-Free-Air Temperature—"C 


MAXIMUM PEAK OUTPUT VOLTAGE 
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• A •25" 
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\\ 
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1 
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FIGURE 6 


COMMON-MODE REJECTION RATIO 
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FIGURE 9 


TYPES uA741M, uA741C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 


INPUT BIAS CURRENT 


FREE-AIR TEMPERATURE 


MAXIMUM PEAK OUTPUT VOLTAGE 


LOAD RESISTANCE 


400 1 
1 
vcc* 
1 
1 
1 
•15 
V 


f 112 


L„ 
o 


•S 
:9 
£ 
E 
£8 


3 


f 
« 


O 
:5 
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/ 1 
/ 


TA-Free-Air Temperature-*C 


FIGURE 4 


OPENLOOP LARGE-SIGNAL DIFFERENTIAL 


VOLTAGE AMPLIFICATION 


SUPPLY VOLTAGE 
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1 
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FIGURE 7 


OUTPUT VOLTAGE 
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FIGURE 10 
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FIGURES 


OPEN-LOOP LARGE-SIGNAL DIFFERENTIAL 


VOLTAGE AMPLIFICATION 
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FIGURE 11 
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Operational Amplifiers 


LINEAR 
INTEGRATED 
CIRCUITS 


Frequency and Transient Response 
Characteristics Adjustable 


Short-Circuit Protection 


Offset-Voltage Null Capability 


Wide Common-Mode and Differential 
Voltage Ranges 


Low Power Consumption 


No Latch-Up 


Same Pin Assignments as uA709 


description 


The uA748 is a general-purpose operational amplifier 
that offers the same advantages and 
attractive 
features 
as 
the 
uA741 
except 
for 
internal 
compensation. 
External compensation can be as 
simple as a 30-pF capacitor for unity-gain conditions 
and, when the closed-loop gain is greater than one, 
can be changed to obtain wider bandwidth or higher 
slew rate. 
This circuit features high gain, large 
differential and common-mode input voltage range, 
and 
output short-circuit protection. 
Input 
offset 
voltage adjustment can be provided by connecting a 
variable resistor between the offset null pins as shown 
in Figure 12. 


The uA748M is characterized for operation over the 
full military temperature range of - 55 °C to 125 °C; 
the uA748C is characterized for operation from 0°C 
to 70 °C. 


symbol 


TYPES UA748M, uA748C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 


D921. DECEMBER 1970-REVISED AUGUST 1983 


uA748M . . . JG 


UA748C. . . D, JG, OR P 


DUAL-IN-LINE PACKAGE 


(TOP VIEW) 
NI/COMPQl U 8p COMP 
IN-£2 
7DVCC + 
IN+ C3 
6 ] OUT 
VCC- C« 
5 ] N2 


UA748M . . . U FLAT PACKAGE 


(TOP VIEW) 


NC C»1 
N1/COMP C2 
IN- C3 
IN+ C4 
VCC- £5 


10 ] NC 
9 3COMP 
s!]vcc + 
7 Dout 
6 UN2 


NC—No internal connection 


.2 
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TYPES uA748M, uA748C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 


schematic 


NONINVERTING 


INPUT IN+ 


OFFSET 
NULL N1 /COMP 


Resistor values shown are nominal. 


COMP 


absolute maximum ratings over operating free-air temperature (unless otherwise noted) 


uA748M 
uA748C 
UNIT 


Supply voltago Vcc+ <see No,e 1' 
22 
18 
V 


Supply voltage Vcc- 's»e Note 1) 
-22 
-18 
V 


Differential input voltage (see Note 2) 
±30 
±30 
V 


Input voltago (either input, see Notes 1 and 3) 
±15 
±15 
V 


Voltage between either offset null terminal (N1/N2) and VfX- 
-0.5 to 2 
-0.5 to 2 
V 


Duration of output short-circuit Isee Note 4) 
unlimited 
unlimited 


Continuous total power dissipation at (or below) 25°C free-air temperature (see Note 5) 
500 
500 
mW 


Operating free-air temperature range 
-55 to 125 
0 to 70 
°C 


Storage temperature range 
-65 to 150 
-65 to 150 
°C 


Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds 
JG or U package 
300 
300 
°c 


Lead temperature 1,6 mm (1/16 inch) from case 'or 10 seconds 
D or P package 
260 
°C 


NOTES: 1. All voltage values,unlessotherwise noted, are withrespect to the midpoint between Vcc-t- «ndVCC-- 
2. Differential voltagesare at tho noninverting inputterminal withrespect to the inverting inputterminal. 
3. Themagnitude of theinput voltage mustnover exceed tho magnitudo of thesupply voltage or 15 volts, whichever is less. 
4. Tho output may beshorted toground oreither power supply. ForthouA748M only, thounlimited duration oftheshort-circuit applies at (or below) 


125°C case temperature or 75°C free-air tomperature. 
5. For operation above 25°C tree-air temperature, refer to Dissipation Derating Curves. Section 2. IntheJ andJG package. uA748M chips are 


alloy-mounted; uA748C chips are glass-mounted. 
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TYPES UA748M, uA748C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 


electrical characteristics at specified free-air temperature, Vcc+ 
= 15 V, vcc-- 
= 
"-15 V, cc = 30 pF 


PARAMETER 
TEST CONDITIONS' 
uA748M 
UA748C 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


V|0 
Input offset voltage 
V0 = o 
25°C 
1 
5 
1 
6 
mV 
Full range 
6 
7.5 


•10 
Input offset current 
V0 - o 
25°C 
20 
200 
20 
200 
nA 
Full range 
500 
300 


l|B 
Input bias current 
v0 = o 
25 °C 
80 
500 
80 
500 
nA 
Full range 
1500 
800 


VICR 
Common-mode 


input voltage rango 
25°C 
±12 
• 13 
±12 
±13 
V 
. 
Full rango 
±12 
±12 


V0M 
Maximum peak 
output voltage swing 


RL = 10 ki! 
25°C 
±12 
±14 
± 12 
±14 


V 
rl a io kn 
Full range 
±12 
±12 


RL - 
2 kl) 
25°C 
± 10 
±13 
± 10 
±13 


RL £ 2 k(( 
Full range 
±10 
±10 


AvD 
Large-signal differential 


voltage amplification 


RL & 2 kf!, 
V0 = ±10 V 


25 "C 
50 
200 
20 
200 
V/mV 
Full range 
25 
15 


r| 
Input resistance 
25°C 
0,3 
2 
0.3 
2 
MS! 


'0 
Output resistance 
v0 - o, 


See Note 6 
25°C 
75 
75 
W 


C| 
Input capacitance 
25 °C 
1.4 
1.4 
PF 


CMRR 
Common-mode 


rejection ratio 
VIC = V|CR min- 
v0 - 
o 


25°C 
70 
90 
70 
90 
dB 
Full range 
70 
70 


kSVS 


Supply voltage 


sensitivity 


UVio'-Wcc) 


VCC = ±9 Vto ±15 V, 


v0 • 
o 


25°C 
30 
150 
30 
150 
)<V/V 
Full rango 
150 
150 


'OS 
Short-circuit 


output current 
25 °C 
±25 
±40 
±25 
±40 
mA 


'CC 
Supply current 
No load. 
V0 = 0 


25 "C 
1.7 
2.8 
1.7 
2.8 
mA 
Full range 
3.3 
3.3 


PD 
Total power 


dissipation 


No load, 
v0 - 
o 


25°C 
50 
85 
50 
85 
mW 
Full range 
100 
100 


'All characteristics are measured under 
-65°C to 125°C and for uA748C is 
NOTE 6: This typical value applies only 


open-loop conditions with zero common-mode input voltago unless otherwise specified. Full range for 
0°C to 70°C. 


at frequencies abovo a few hundred hertz because of the effects of drift and thermal feedback. 


operating characteristics, Vcc+ 
= 15 V, VcC- = -15 V, Ta = 25 °C 


PARAMETER 
TEST CONDITIONS 
uA748M 
uA748C 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


tr 
Rise time 
V| = 20 mV, 
RL = 2 kn, 
CL = 100 pF, 
Cc - 30 pF, 
See Figure 1 


0.3 
0.3 
fS 
Overshoot factor 
5% 
5% 


SR 
Slew rate at unity gain 
V| = 10 V, 
RL = 2 kli. 
CL = 100 pF. 
CC = 30 pF, 
See Figure 1 


0.5 
0.5 
V/fLS 
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TYPES uA748M, uA748C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 


PARAMETER MEASUREMENT INFORMATION 


INPUT OFFSET CURRENT 


FREE-AIR TEMPERATURE 


COMP< 


CC - 30 pF 


INPUT VOLTAGE 


WAVEFORM 
TEST CIRCUIT 


FIGURE 1-RISE TIME, OVERSHOOT, AND SLEW RATE 


'TN100pF. 
•C—Jt^-ONI 
I—o— 


r» 
on „e 
—L- 


TYPICAL CHARACTERISTICS 


INPUT BIAS CURRENT 


FREE-AIR TEMPERATURE 


RL-2kH 


I., 


MAXIMUM PEAK OUTPUT VOLTAGE 


LOAD RESISTANCE 


1 
Vcc- 
15V 


1 
\ 


\ 
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V 
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FIGURE 2 
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FIGURE 3 


OPEN-LOOP LARGE-SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION 


SUPPLY VOLTAGE 
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FIGURE 6 
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FIGURE 4 


OPEN-LOOP LARGE SIGNAL DIFFERENTIAL 


VOLTAGE AMPLIFICATION 
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COMMON-MODE REJECTION RATIO 
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FIGURE 8 


TYPES UA748M, uA748C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 


TYPICAL CHARACTERISTICS 


OUTPUT VOLTAGE 


ELAPSED TIME 


24 
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f: 
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VOLTAGE FOLLOWER 


LARGE-SIGNAL PULSE RESPONSE 
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TYPICAL APPLICATION DATA 


•5 
6 compc-|[-6ni6n2 
-i 
" VCC- 
30pF 
(OPEN) ~ 


r, - 400 Mil, 
Cj-lpF, 
r0<fi, 
BW - 
1 MHz 


FIGURE 11-UNITY-GAIN VOLTAGE FOLLOWER 
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FIGURE 12-INVERTING CIRCUIT WITH ADJUSTABLE GAIN, 
COMPENSATION, AND OFFSET ADJUSTMENT 
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Operational Amplifiers 


Linear Circuits 


General Information 


Thermal Information 


Operational Amplifiers 


Voltage Comparators 


Special Functions 


Voltage Regulators 


Data Acquisition 


Appendix 


4-1 


Voltage Comparators 


SELECTION GUIDE 


VOLTAGE COMPARATORS 


military temperature range 
(values specified at Ta =• 25°C) 


DEVICE 


NUMBER 
TYPE 
REMARKS 
V|0 
MAX 


(mVI 


'IB 
MAX 


1/iAI 


'OL 


MIN 


(mA) 


RESPONSE 


TIME 


TYP 


(nsl 


POWER SUPPLIES 


PACKAGES 
PAGE 
Vcc + 
NOM 


(V) 


vcc- 
NOM 


(V) 


UA710M 


Single 


2 
20 
2 
40 
12 
-6 
J.JG.U 
4-87 


LM106 
Strobe 
2 
45 
100 
28 
12 
-6 
J.JG.W 
4-9 


LM111 
Strobe 
3 
0.1 
8 
115 
15 
15 
FH,FK,J,JG,U 
415 


TL510M 
Strobe 
2 
15 
2 
30 
FH.FK.JG.U 
4-45 


TL810M 
Improved TL710M 
2 
15 
2 
30 
JG,U 
4-67 


TL710M 
5 
75 
1.6 
40 
15 
-6 
FH,FK.JG,U 
4-59 


TL331M 
VCc: 12 V to 36 V 
5 
-0.1 
•3 
300 
5 
0 
JG 
4-37 


TL506M 


Dual 


Strobes 
2 
20 
100 
28 
12 
-6 
J.W 
4-39 


TL820M 
Dual TL810M 
2 
15 
2 
30 
12 
-6 
J 
4-79 


TL514M 
Dual TL510M 
2 
15 
2 
30 
12 
-6 
FH.FK.J.W 
4-51 


uA711M 
Strobes 
3.5 
75 
0.5 
40 
12 
-6 
J.U 
4-91 


TL81 1M 
Strobes 
3.5 
20 
0.5 
33 
12 
-6 
J.U 
4-73 


LM193 
VCc: 2 V to 36 V 
5 
0.1 
6 
300 
5 
0 
FH.FK.JG 
4-29 


TLC372M 
LinCMOS 
10 
200 
5 
0 
JG 
4-83 


LM139A 


Quad 
VCc: 2 V to 36 V 
2 
-0.1 
6 
300 
5 
0 
D.J.N 
4-25 


LM139 
Vcc= 2 V to 36 V 
5 
-0.1 
6 
300 
5 
0 
FH.FK.J 
4-25 


TLC374M 
LinCMOS 
10 
200 
5 
0 
J 
4-85 


automotive temperature range 
(values specified at Ta = 25 °C) 


DEVICE 


NUMBER 
TYPE 
REMARKS 
V|0 
MAX 


(mV) 


'IB 


MAX 


(/.A) 


"OL 


MIN 


(mA) 


RESPONSE 


TIME 


TYP 


[nsl 


POWER SUPPLIES 


PACKAGES 
PAGE 
VCC + 


NOM 


(V) 


vcc- 


NOM 


(V) 


LM2903 
Dual 
VCc: 2 V to 36 V 
7 
0.25 
6 
300 
5 
0 
D.JG.P 
4-29 


LM3302 
Quad 
VCc: 2 V to 36 V 
20 
-0.5 
6 
300 
5 
0 
D.J.N 
4-35 


LM2901 
VCc: 2 V to 36 V 
15 
-0.4 
6 
300 
5 
0 
D.J.N 
4-25 


industrial temperature range 
(values specified at Ta = 25 °C) 


DEVICE 


NUMBER 
TYPE 
REMARKS 
v,0 


MAX 


(mV) 


'IB 


MAX 


ImA) 


'OL 


MIN 


(mA) 


RESPONSE 


TIME 


TYP 


(ns) 


POWER SUPPLIES 


PACKAGES 
PAGE 
VCC + 


NOM 


(V) 


vcc- 
NOM 


(V) 


LM206 


Single 


Strobe 
2 
45 
100 
28 
12 
-6 
D.J.JG.N.P 
4-9 


LM211 
Slrobc 
3 
0.1 
8 
115 
15 
-15 
D.JG.P 
4-15 


TL331I 
5 
-0.1 
6 
300 
5 
0 
D.JG.P 
4-37 


LM293A 


Dual 


2 
0.25 
6 
300 
5 
0 
D.JG.P 
4-29 
LM219 
4 
0.5 
3.2 
80 
5 
0 
J.N 
4-33 
LM293 
5 
0.25 
6 
300 
5 
0 
D.JG.P 
4-29 
LM239A 
Quad 
4 
-0.4 
6 
300 
5 
0 
D.J.N 
4-25 
LM239 
9 
0 
4 
6 
300 
5 
0 
D.J.N 
4-25 
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commercial temperature range 
(values specified at Ta = 25 °C) 


DEVICE 


NUMBER 
TYPE 
REMARKS 
V|0 
MAX 


(mV| 


l|B 
MAX 


(jxAl 


'0L 


MIN 


(mA) 


RESPONSE 


TIME 


TYP 


(ns) 


POWER SUPPLIES 


PACKAGES 
PAGE 
vCc+ 


NOM 


(V) 


vcc- 
NOM 


(V) 


TL510C 


Single 


Strobe 
3.5 
20 
1.6 
30 
JG,P 


TL810C 
Improved TL710C 
3.5 
20 
1.6 
30 
JG.P 
4-67 


LM306 
Strobe 
5 
40 
100 
28 
12 
-6 
D.J.JG.N.P 
4-9 


TL331C 
Vcc: 2 V to 36 V 
5 
-0.25 
6 
300 
5 
0 
D.JG.P 
4-37 


LM311 
Strobe 
7.5 
0.25 
8 
115 
15 
-15 
D.JG.P 
4-15 


TL710C 


TL721 
±100 
12 Max 
0 
-5.2 
JG.P 
4-65 


TL712 
Output enable 
25 
JG.P 
4-63 


LM393A 


Dual 


VCc: 2 V to 36 V 
2 
0.25 
6 
300 
5 
0 
D.JG.P 


TL820C 
Dual TL810C 
3.5 
20 
1.6 
30 
12 
-6 
J,N 
4-79 


TL514C 


UA711C 
Strobes 
5 
100 
0.5 
40 
12 
-6 
J.N 
4-91 


TL811C 
Improved uA711C 
5 
30 
0.5 
33 
12 
-6 
J.N 
4-73 


TL506C 
Strobes 
5 
25 
100 
28 
12 
-6 
J,N 
4-39 


LM393 
VCc: 2 V to 36 V 
5 
0.25 
6 
300 
5 
0 
D.JG.P 
4-29 


LM319 
8 
1 
3.2 
80 
5 
0 
J.N 
4-33 


TLC372C 
LinCMOS 
10 
200 
5 
0 
JG.P 
4-83 


LM339 


Quad 


5 
-0.15 
6 
300 
5 
0 
D.J.N 
4-25 


LM339A 
2 
-0.15 
6 
300 
5 
0 
D.J.N 
4-25 


TLC374C 
LinCMOS 
10 
200 
5 
0 
D.J.N 
4-85 


4-4 
Texas 
Instruments 


POSTOFFICE BOX225012 • DALLAS. TEXAS 75265 


GLOSSARY 


Input Offset Voltage (V|rj) 


The d-c voltage that must be applied between the input terminals to force the quiescent d-c output voltage to the 
specified level. 


Average Temperature Coefficient of Input Offset Voltage (a\/IO) 


The ratio of the change in input offset voltage to the change in free-air temperature. This is an average value for the 
specified temperature range. 


IV|0 @TA(1))-(V|0 @TA(2)) 
aVIO •F 
TA(1)-Ta(2) 


Input Offset Current (l|0) 


The difference between the currents into the two input terminals with the output at the specified level. 


Average Temperature Coefficient of Input Offset Current (a||0) 


The ratio of the change in input offset current to the change in free-air temperature. This is an average value for the 
specified temperature range. 


where TA(1) and TA(2) are *ne specified temperature extremes. 


"IIO 
= 
(l|0 @ Ta(1))-(I|0 @ Ta{2)> 
Ta(1)-Ta(2) 


Input Bias Current (I|b) 


The average of the currents into the two input terminals with the output at the specified level. 


High-Level Strobe Current (l|H(S)) 
mj 


The current flowing into or out of* the strobe at a high-level voltage. 
O 


where TA(1) and TA(2) are the specified temperature extremes. 


Low-Level Strobe Current (l||_(S)) 


The current flowing out of* the strobe at a low-level voltage. 


High-Level Strobe Voltage (V|H(S)) 


Fora device having an active-low strobe, a voltage withinthe range that is guaranteed not to interfere with the operation 
of the comparator. 
Q) 


CO 
Low-Level Strobe Voltage (V|[_{S)) 
*q 


For a device having anactive-low strobe, a voltage within therange thatisguaranteed to force theoutput high or 
^ 
low, as specified, independently of the differential inputs. 


Input Voltage Range (V|) 


The range of voltage that if exceeded at either input terminal willcause the comparator to cease functioning properly. 


Common-Mode Input Voltage (Vjc) 


The average of the two input voltages. 


"Current out of a terminal is given as a negative value. 


2 
CO 
Q. 
E 
o 
o 
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GLOSSARY 


Common-Mode Input Voltage Range (V|cr) 


The range of common-mode input voltage that if exceeded will cause the comparator to cease functioning properly. 


Differential Input Voltage (V|d) 


The voltage at the noninverting input with respect to the inverting input. 


Differential Input Voltage Range (V|d) 


The range of voltage between the two input terminals that ifexceeded willcause the comparator to cease functioning 
properly. 


Differential Voltage Amplification (A\/D) 


The ratio of the change in output to the change in differential input voltage producing it with the common-mode input 
voltage held constant. 


High-Level Output Voltage (VohI 


The voltage at an output with input conditions applied that according to the product specification willestablish a high 
level at the output. 


Low-Level Output Voltage (Vol) 


The voltage at an output with input conditions applied that according to the product specification will establish a low 
level at the output. 


High-Level Output Current, Ooh) 


^ 
The current into* an output with input conditions applied that according to the product specification will establish 
q 
a high level at the output. 


03 
Low-Level Output Current, (IrjL) 


CD 
The current into* an output with input conditionsapplied that according to the product specification will establish 
^J 
a low levelat the output. 


O 
3 
Output Resistance (r0) 
*D 
Q) 
The resistance between an output terminal and ground. 


03j£ 
Common-Mode Rejection Ration (kcrvIR- CMRR) 


The ratio of differential voltage amplification to common-mode voltage amplification. 
NOTE: This is measured by determining the ratio of a change in input common-mode voltage to the resulting change 
in input offset voltage. 


Supply Current Occ + - 'CC-' 


The current into* the Vcc+ or ^CC- terminal of an integrated circuit. 


Total Power Dissipation (Pq) 


The total d-c power supplied to the device less any power delivered from the device to a load. 
NOTE: At no load: Pq = Vcc+ • 'CC+ + VCC- * 'CC-- 


'Currant out of a terminal is given as a negative value. 
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GLOSSARY 


Response Time 
Theinterval between the application ofaninput stepfunction andtheinstant at when theoutput crossesthe logic 


threshold voltage. 
NOTE: Theinputstep drives the comparator from some initial condition sufficient to saturate the output (orinthe 
case ofhigh-to-low-level response time, toturntheoutput off) to aninput level justbarely inexcessofthat required 
to bring the output back to the logic threshold voltage. This excessis referred to as the voltage overdrive. 


Strobe Release Time 
Thetime required fortheoutput to rise to the logic threshold voltage after thestrobe terminal has beendriven from 
its active logic level to its inactive logic level. 


(f) 


CO 
a- 
co 
o. 
E 
o 
o 


CD 
D) 
CO 
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Voltage Comparators 


LINEAR 
INTEGRATED 
CIRCUITS 


Fast Response Times 


Improved Gain and Accuracy 


Fan-Out to 10 Series 54/74 TTL Loads 


Strobe Capability 


Short-Circuit and Surge Protection 


Designed to be Interchangeable with 
National Semiconductor LM106, LM206, 
and LM306 


description 


The LM106, LM206, and LM306 are 
high-speed 
voltage comparators with differential inputs, a low- 
impedance high-sink-current (100 mA) output, and 
two strobe inputs. These devices detect low-level 
analog or digital signals and can drive digital logic or 
lamps and relays directly. Short-circuit protection and 
surge-current limiting is provided. 


The circuit is similar to a TL810 with gated output. 
A low-level input at either strobe causes the output 
to remain high regardless of the differential input. 
When both strobe inputs are either open or at a high 
logic level, the output voltage is controlled by the 
differential input voltage. The circuit will operate with 
any negative supply voltage between -3 volts and 
-12 volts with little difference in performance. 


The LM106 is characterized for operation over the full 
military temperature range of - 55 °C to 125 °C, the 
LM206 is characterized for operation from - 25 °C to 
85°C, and the LM306 from 0°C to 70°C. 


TYPES LM106, LM206, LM306 
DIFFERENTIAL COMPARATORS WITH STROBES 


D1108. OCTOBER 1979-REVISED JULY 1983 


J OR N DUAL-IN-LINE 


OR W 
FLAT PACKAGE 


(TOP VIEW) 
nc rTTQiTh nc 
GND C 2 
13 3 NC 
IN+ C3 
IN- C*> 
nc rj5 
vcc- He 
STROBE 1 C 7 


12 3 NC 


11 3 vcc + 
10 3 nc 
9U OUT 
8 3 STROBE 2 


NC—No internal connection 


D. JG OR P DUAL-IN-LINE PACKAGE 


(TOP VIEW) 


GND Ql U SQ VCC + 
IN+ C 2 
7 3 OUT 
IN— E3 
6] STROBE 2 
VCC- L" 
5 3 STROBE 1 


functional block diagram 


NONINVERTED 


INPUT IN+ 


INVERTED 


INPUT IN- 


Copyright ;?' 1983 by Texas Instruments Incorporated 


co 
J- 
CO 
a 
£ 
o 
o 
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TYPES LM106, LM206, LM306 
DIFFERENTIAL COMPARATORS WITH STROBES 


schematic 


NONINVERTING 


INPUT 


INVERTING O 


INPUT 


VCC- 


Resistor values i 


OvCC+ 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage Vcc + <see Note 1' 
Supply voltage Vcc - <see Note 1' 
Differential input voltage (see Note 2) 
* 
Input voltage (either input, seeNotes 1 and 3) 
* 
Strobe voltage range (see Note 1) 
° Vt0 VCC + 
£* 
Output voltage (see Note 1) 
-t 
Voltage from output to Vcc - 
n 
**' 
Duration of output short-circuit (see Note4) 
Continuous total power dissipation at (or below) 25°C free-air temperature (see Note 5) 
600 mW 
Operating free-air temperature range: LM106 Circuits 
-55°C to 125°C 
LM206Circuits 
-25°C to 85 C 
LM306 Circuits 
°°C to 70°C 
... 
-65°C to 150°C 
Storage temperature range 
Lead temperature 1,6 mm (1/16 inch) from case for 60seconds: J. JG or Wpackage 
300 i. 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D, N, or Ppackage 
260 °C 


NOTES: 1. All voltage values, except differential voltages and the voltage from the output to VCC-•*«> ««" «>•*>•«,0 ,ho ne,wo,k B'ound '<"minBl- 
2. Differential voltages are atthenoninvorting input terminal with respect totho inverting input terminal. 
3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 7volts, whichever is less. 
4. Theoutput maybe shorted to groundor either powersupply. 
5. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves. Section 2. In the Jand JG packages. LM106 chips are alloy- 
mounted; LM206 and LM306 chips are glass-mounted. 
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TYPES LM106, LM206, LM306 
DIFFERENTIAL COMPARATORS WITH STROBES 


electrical characteristics at specified free-air temperature, Vcc+ = 12 V, Vcc- = -3 Vto 12 V 
(unless otherwise noted) 


PARAMETER 
TEST CONDITIONS' 
LM106. LM206 
LM306 
UNIT 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


V|0 
Input offsot voltage 
Rg s 200 (J. 
See Note 6 
25°C 
0.5t 
2 
1.6: 
5 
mV 
Full rango 
3 
6.5 


"VIO 


Average temperature 


coefficient of input 


offset voltage 
RS = 50 0, 
See Nolo 6 
Full range 
3 
10 
5 
20 
nVI'C 


>IO 
Input offset current 
See Note 6 


25°C 
0.71 
3 
1.8* 
5 


;.A 
MIN 
2 
7 
1 
7.5 


MAX 
0.4 
3 
0.5 
5 


"IIO 


Average temperaturo 


coefficient of input 


offset current 


See Note 6 


MIN to 25°C 
15 
75 
24 
100 
nA/°C 
25°C to MAX 
5 
25 
IS 
50 


•IB 
Input bias current 
V0 = 0.5 V to 5 V 
MIN to 25 °C 
45 
40 
<-A 
25 °C to MAX 
7J 
20 
16: 
25 


'IL(S) 
Low-level strobe current 
V(strobe) = 0.4 V 
Full range 
-1.7: 
-3.2 
-1.7: 
-3.2 
mA 


VIHISI High-level strobe voltage 
Full range 
2.2 
2.2 
v 


VIL(S) Low-level strobe voltage 
Full rango 
0.9 
0.9 
V 


V|CR 
Common-mode input 


voltage range 
Vcc- " -7 V to -12 V 
Full range 
±5 
±5 
V 


V|D 
Differential input 


voltage range 
Full rango 
±5 
±5 
V 


AVD 
Large-signal differential 
voltage amplification 


No load. 
V0 = 0.5 V to 5 V 
25 °C 
40t 
40* 
V/mV 


V0H 
High-level 


output voltage 
l0H 
= -400 (iA 
V|D = 5 mV 
Full range 
2.5 
5.5 
V 
V|D = 8mV 
Full rango 
2.5 
5.5 


vol 
Low-levol 


output voltage 


lOL = 100 mA 
V|D = -5mV 
25°C 
0.8J 
1.5 


V 


V|D = -7 mV 
25 °C 
0.8: 
2 


Iql = 50 mA 
V|D 
5 mV 
Full range 
1 


V|D = -8 mV 
Full range 
1 


•OL 
= 16 mA 
V|D = 
- 5 mV 
Full range 
0.4 


V|D - 
-8 mV 
Full range 
0.4 


'OH 
High-level 


output current 
Vqh = 8 V to 24 V 


V|o = 5 mV 
MIN to 25°C 
0.021 
1 


«A 
25 °C to MAX 
100 


V|D = 7 mV 
MIN to 25°C 
0.021 
2 
V|D = 8 mV 
25°C to MAX 
100 
'cc+ 
Supply current from Vqq^. 
V|D = -5 mV. No load 
Full range 
6.6t 
10 
6.6: 
10 
mA 
ice- 
Supply current from VcC- 
No load 
Full rango 
-1.9: 
-3.6 
-1.9: 
-3.6 
mA 


'Unless otherwise noted, all characteristics aremeasured with both strobes open. 
: These typical values areatVcc+ - 12V. Vcc- = - 6 V, TA = 25°C. Full range (MIN toMAXI for LM106 is - 55°C to 125°C; for LM206 is - 25°C 
to 85 "C; and for LM306 Is 0°C to 70 °C. 
NOTE 6:Tho offset voltages and offset currents given arethemaximum values required todrive theoutput down tothelow range (VqlI oruptothehigh 
rangeIVqhI-Thusthese parametersactually defineanerrorbandandtakeintoaccountthe worst-caseeffects ofvoltagegainandinpulImpedance. 


switching characteristics, Vcc+ = 12 V, Vcc- = -6 V, Ta = 25°C 


PARAMETER 
TEST CONDITIONS' 
LM106. LM206 
LM306 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
Response time, low-to-high-level output 
RL.• 390 0 to 5 V, Cl = 15 pF, See Note 7 
28 
40 
28 
40 
ns 


NOTE 7: The response time specified is for a 100-mVinput step with 5-mVoverdriveand is the interval between the input step function and the instant 
when the output crosses 1.4 V. 
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TYPES LM106, LM206, LM306 
DIFFERENTIAL COMPARATORS WITH STROBES 


TYPICAL CHARACTERISTICS* 


INPUT OFFSET CURRENT 


vs 
FREE-AIR TEMPERATURE 


r 


3 


2.5 


VCC+=12V 
VCC---6V 
f v0 
fv 
\ 


S 
\ 


-M30 


\ 


s 
\ 


LM 


LM 
106, 


206 


5 
1.5 


0.5 


x 
i 
x 
o 
> 


0 
-75 
-50 
-25 
0 
25 
50 
75 
100 
125 


T/\—Free AirTemperature—°C 


FIGURE 1 


HIGH-LEVEL OUTPUT VOLTAGE 


vs 
FREE-AIR TEMPERATURE 


VCC+ = 12V 
Vcc-= -3 Vto-12 V 


•OH = 0 


'OH = -4C OaiA 


-75 
-50 -25 
0 
25 
50 
75 
100 
125 
T/\—Free-Air TEmperature—°C 


FIGURE3 


INPUT BIAS CURRENT 


vs 


FREE-AIR TEMPERATURE 


20 


18 


16 
T 


c 
14 
£ 
12 
O 
8 
10 
m 


c 


1 
6 
00 


4 


2 


\ 
Vcc+ = 12V 
\ 
Vo = 0.5 V to 5 V 


\ 
s. 
v 
I 
\ 
_\ LM306 
\ 
\ 
\v 
LM106,Nv 


-75 -50 
-25 
0 
25 
50 
75 
100 
125 


Ta—Free-Air Temperature— C 


FIGURE 2 


LOW-LEVEL OUTPUT VOLTAGE 


vs 


FREE-AIR TEMPERATURE 
1.2 


> 
0.8 


vcc 
vcc 


+ =12V 


_ 
= -3 Vto-12 V 


OL= 100 rr 


Iql = 50 mA 


IOL= 16 mf 
—1 
1 
1 


, 


lOL = 0 


O 
0.6 


0.4 


0.2 


-75 
-50 -25 
0 
25 
50 
75 
100 
125 


Ta—Free-Air Temperature—°C 


FIGURE4 


'Data for free-air temperature outsidetho rangespecified in the absolule maximum ratingsforLM206 or LM306 is not applicable for those typos. 
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TYPES LM106, LM206, LM306 
DIFFERENTIAL COMPARATORS WITH STROBES 


TYPICAL CHARACTERISTICS* 


o 
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o 
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VOLTAGE TRANSFER CHARACTERISTICS 


-1 


vcc+ = 12V 


= -R V 
_ 
RL =00 
<Tt 
r 
u 
/ 


ta = o°c 
\tr r-TA =25°C 
I 
I 
V. TA =70°C 


TA = -55° 
*^-Ta =125°C 
n I, 


-2-1 
0 
1 


V|D~Differential Input Voltage—mV 


FIGURES 


LARGE-SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION 


vs 


FREE-AIR TEMPERATURE 
80 000 
VCC- = -3 V to - 
Vn = 1 to 2 V 
12 V 


vcc + =1C 
\ 
RL=°° 
\. VCC+ =15 V 


V(:c+ = 15V ^ 


5 
60 000 


o 40 000 


5 
20 000 
Q 
I 
Q 
> 
< 


0 
-75 -55 -25 
0 
25 
50 
75 
100 
125 


Ta—Free-Air Temperature—°C 


FIGURE 7 


7 
u 
O 


OUTPUT CURRENT 


vs 
DIFFERENTIAL INPUT VOLTAGE 


-4-3-2-1 
0 
1 
2 


V|D-Differential Input Voltage-mV 


SHORT-CIRCUIT OUTPUT CURRENT 


vs 
FREE-AIR TEMPERATURE 


vCc+ = 
- Vcc 
= 
v0 = 
-fi\r- 
12V 


0.3 
/ /• 
V|D = -5mV 


/ 


1 


0.1 


0 
-75 -50 -25 
0 
25 
50 
75 
100 
125 


Ta~Free-Air Temperature— C 


FIGURE 8 


Dataforfroe-air temperaturo outsido the rango specified intheabsolute maximum ratings forLM206 or LM306 is not applicable forthosotypes 
NOTE8: This parameter was measured using 0 single 5-ms pulso. 
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TYPES LM106, LM206, LM306 
DIFFERENTIAL COMPARATORS WITH STROBES 


TYPICAL CHARACTERISTICS* 


OUTPUT RESPONSE FOR 
VARIOUS INPUT OVERDRIVES 


OUTPUT RESPONSE FOR 
VARIOUS INPUT OVERDRIVES 


11 
II 


llxtmV 


1 Vce-"-6V 
T\ 
IIL -390!: lo 5 V 


20 «V 
4- 


r t 


tOmV / 
K 
nV \imV 


V S3 


JO 
40 
60 
80 
100 


?! 
+ 


..<L 


#? 
w 


10mV-v 
/vcc .-12V 


JmVj 
cl 
ISpF 
# 


FIGURE 9 


SUPPLY CURRENT FROM Vcc+ 


vs 
SUPPLY VOLTAGE Vcc+ 


0 
20 
40 
60 
80 
100 


I—Tim.—ni 


FIGURE 10 


SUPPLY CURRENT FROM VcC- 


vs 
SUPPLY VOLTAGE VCC- 


Vcc- • -3 Vto -12V 
RL-~ 
1 
1 
—TA - -66'C 


1 


- 
1 


> 


ta - ijs'c 
TA—WC 
s* 
^3ta-2S*C 
i 


\ 
- *f 


a 
•> 


/* 


10 
11 
12 
13 
14 
15 
16 
17 


Vcc*-Ponti.. SuwHyVolugt-V 


FIGURE 11 


VCC»-I2V 
| | 
Ta--6B*C 


^ -f.. 2S*C 


Ta-1JS'C 
J 


0-2-4-6 
-8 
-10 _,2 _,« _16 


VCC--N**"1" Supply Volugt-V 


TOTAL POWER DISSIPATION 


vs 
FREE-AIR TEMPERATURE 


'Data for freo-air temperature outside the ran 


1 
1 
1 
V|p - -6 mV 
Vcr 
.-12V 
_--«V 


V|D-5mV 


1 
V 


-75 -60 -25 
0 
25 
SO 
75 
100 
12S 
TA-Fr*. AW TtmptflMrt-'C 


FIGURE 13 


i specified in the absoluto maximum ratings for LM206 or LM306 is not applicable for those types. 


4-14 
Texas 
Instruments 


POST OFFICE BOX 225012 • 
DALLAS. TEXAS 75265 


LINEAR 
INTEGRATED 
CIRCUITS 


Fast Response Times 


Strobe Capability 


Designed to be Interchangeable with National 
Semiconductor LM111. LM211, and LM311 


Maximum Input Bias Current . . . 300 nA 


Maximum Input Offset Current . . . 70 nA 


Can Operate From Single 5-V Supply 


description 


The LM111. LM211, and LM311 are single high-speed 
voltage comparators. These devices are designed to 
operate from a wide range of power supply voltage, 
including ± 15-volt supplies for operational amplifiers 
and 5-volt supplies for logic systems. The output 
levels are compatible with most TTL and MOS circuits. 
These comparators are capable of driving lamps or 
relays and switching voltages up to 50 volts at 
50 milliamperes. All inputs and outputs can be isolated 
from system ground. The outputs can drive loads 
referenced to 
ground, 
Vcc + 
°r 
VCC—• 
Offset 
balancing and strobe capability are available and the 
outputs can be wire-OR connected. If the strobe is 
low, the output will be in the off state regardless of 
the differential input. Although slower than the TL506 
and TL514, these devices are not as sensitive to 
spurious oscillations. 


The LM111 is characterized for operation over the full 
military range of -55°C to 125°C. The LM211 is 
characterized for operation from -25°C to 85 °C, and 
the LM311 is characterized for operation from 0°C 


to 70 °C. 


functional block diagram 


NONINVERTING 
INPUT IN+ 


TYPES LM111, LM211, LM311 
DIFFERENTIAL COMPARATORS WITH STROBES 


D1312. SEPTEMBER 1973-REVISED AUGUST 1983 


LM111. LM211, LM311 


J DUAL-IN-LLINE PACKAGE 


(TOP VIEW) 


NC C 
EMIT OUT L 
IN+ C 
IN- C 
NC C 
VCC- C 
BALANCE C 


tj,4 


2 
13 


3 
12 


4 
11 


10 


9 


8 


f] NC 
] NC 
3 NC 
]vCc + 
3 NC 
3 COL OUT 
3 BAL/STRB 


LM111 
. 
LM211. LM311 
. 


. . JG DUAL-IN-LINE PACKAGE 


. D. JG. OR P DUAL-IN-LINE PACKAGE 


(TOP VIEW) 


EMIT OUT QlUBp Vcc + 
IN+ £ 2 
7 3 COLOUT 
IN- C 3 
6] BAL/STRB 
Vcc- C4 
5 3 BALANCE 


LM111 
. . U FLAT PACKAGE 


(TOP VIEW) 


^oh VCC + 
9 2 COL OUT 
3 NC 


EMIT OUTQ«1 
IN+ C 2 
IN- LT 3 
NCQ4 
VCC-C 5 
7 3 BAL/STRB 
6 3 BALANCE 


FH OR FK CHIP CARRIER PACKAGE 


(TOP VIEW) 


o 
i 
n 
+ 
o 
L_IL_JI_JL_ILJ 
ffl 
m 
O 
yi 
A 
NC ]<c 
VCC- 
]a 
nc ]r 
BALANCE ]£ 
NC ]£ 


ft 
UI 
(Tl 
^J 
CD 


2 
03 
2 
O 
2 
n 
> 
o 
o 
o 


NC —No internal connection 


NC 


EMIT OUT 


NC 


VCC + 
NC 
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TYPES LM111, LM211, LM311 
DIFFERENTIAL COMPARATORS WITH STROBES 


schematic 


B/S 
BAL 


Resistor values shown are nominal and in ohms. 


BAL 
Balance 
B/S 
Balance/Strobe 


C OUT 
Collector Output 
E OUT 
Emitter Output 
IN+ 
Noninverting Input 
IN— 
Inverting Input 
NC 
No Internal Connection 
Vcc+ 
Positive Supply Voltage 
Vcc- 
Negative Supply Voltage 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


LM111 
LM211 
LM311 
UNIT 


Supply voltage. Vcc + (see Note 1) 
18 
18 
18 
'. 


Supply voltago. Vqc- lseo No,c " 
-18 
- 18 
-18 
V 


Differential input voltage (see Note 2) 
±30 
±30 
±30 
V 


Input voltage (either input, see Notes 1 and 3) 
±15 
= 15 
±15 
V 


Voltage from omitter output to Vcc- 
30 
30 
30 
V 


Voltage from collector output to Vcc - 
50 
50 
40 
V 


Duration of output short-circuit (see Note 4) 
10 
10 
10 
s 


Continuous total dissipation at (or below) 25°C free-air temperature (see Note 5) 
500 
500 
500 
mW 


Operating free-air temperature range 
-55 to 125 
-25 to 85 
0 to 70 
°C 


Storage temperature range 
-65 to 150 
-65 to 150 


Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 


J. JG, FH, FK. or U package 
300 
300 
300 
°C 


Lead temperature 1,6 mm 11/16 inch) from case for 60 seconds 


D or P package 
260 
260 
°C 


NOTES: 1. All voltage values, unless otherwise noted, are with respect to the midpoint between Vcc+ andVCC-- 
2. Differential voltagesare at the noninverting inputterminal withrespect to the inverting inputterminal. 
3. The magnitude oftheinput voltage must never excood themagnitude oftho supply voltage or ±15volts, whichever isless. 
4. The output may be shorted to ground or either power supply. 
5. For operation above 25"Cfree-air temperature, refor toDissipation Derating Curves. Section 2.IntheJ and JGpackages. LM111 chips arealloy 


mounted. LM211 and LM311 chips are glass mounted. 
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TYPES LM111. LM211, LM311 
DIFFERENTIAL COMPARATORS WITH STROBES 


electrical characteristics at specified free-airtemperature, Vcc± = ±15 V (unless otherwise noted) 


to 


PARAMETER 
TEST CONDITIONS' 
LM111. LM211 
LM311 
UNIT 
MIN 
TYP: 
MAX 
MIN 
TYP! 
MAX 


V|0 
Input offsot voltage 
See Note 6 
25°C 
0.7 
3 
2 
7.5 
mV 
Full rango 
4 
10 


ho 
Input offset current 
See Note 6 
25»C 
4 
10 
6 
50 
nA 
Full range 
20 
70 


'IB 
Input bias current 
V0 = 1 V to 14 V 
25°C 
75 
ICO 
100 
250 
nA 
Full range 
150 
300 


'ILIS) 


Low-level 


strobe current 


(see Note 7) 


VfB,robel = °-3V. 
V|D s 
-lOmV 
25 °C 
-3 
-3 
mA 


V|CR 


Common-mode 


input voltago 


range 


Full range 


13 
13.8 


to 
to 


-14.5 
-14.7 


13 


to 


-14.5 


13.8 


to 


-14.7 


V 


AVD 
Large-signal differential 
V0 = 5 V to 35 V. 
RL - 
1 kfl 
25°C 
40 
200 
40 
200 
V/mV 


!OH 
High-level (collector) 


output current 


Istrobe = -3 mA. 
V|D = 5 mV. 
V0H • 35 V 


25°C 
0.2 
10 
nA 


Full range 
0.5 
*A 


V|D = 10 mV 
Vqh 
= 35 V 
25°C 
0.2 
50 
nA 


vol 


Low-level (collector- 


to-emitter) 


output voltage 


lOL = 50 mA 
V|D • -5 mV 
25°C 
0.75 
1.5 


V 
V|D • 
-lOmV 
25°C 
0,75 
1.5 


vCCf • 
4-5 v. 
vcc- =o. 


IqL = 8 mA 


V)D = -6mV 
Full range 
0.23 
0.4 


V|D = -lOmV 
Full range 
0.23 
0.4 


'CC-f 
Supply current from 


Vcc * • 0U'PU| 'ow 
V|D = -10 mV, 
No load 
25 °C 
5.1 
6 
5.1 
7.5 
mA 


'cc- 
Supply current from 
Vcc-' output high 
V|o = 10 mV, 
No load 
25 °C 
-4.1 
-5 
-4.1 
-5 
mA 


— 
CO 


'Unless otherwiso noted, all characteristics are measured with the balance and balance/stroboterminalsopen and the emitter output grounded. Fullrange 


for LM111 is -55°C to 125°C. for LM211 is -25°C to 85°C. and for LM311 is 0°C to 70°C. 
•All typical values are at T^ = 25°C. 
NOTES: 6. Tho offsot voltages and offset currents given are the maximum values roquiredto drive the collector output up to 14 V or down to 1 V with 
a pull-up resistor of7.5kfltoVcc +•^nus'heseparameters actually dofino anerror band andtakeintoaccount thoworst-cese effectsofvoltago 


gain and input impedance. 
7. The strobe should not be shorted to ground; it should be current driven at -3 to -5 mA, e.g.. see Figures 13 and 27. 


switching characteristics, Vcc + = 15 V, VCC- = -15 V, Ta = 25 °C 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


Response time, low-to-high-level output 
Re • 
500 fl to 5 V. CL = 5 pF, 
See Note 8 
115 
ns 


Response time, high-to-low-level output 
165 
ns 


NOTE 8: 
The response time specified Is for a 100-mVinput stop with 5-mVovordrivo and is the intorvalbetween the input step function and the instant 


when the output crosses 1.4 V. 


CO 
Q. 
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o 


CD 
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TYPES LM111, LM211, LM311 
DIFFERENTIAL COMPARATORS WITH STROBES 


TYPICAL CHARACTERISTICS 


INPUT OFFSET CURRENT 


vs 


FREE-AIR TEMPERATURE 


\ 
V 
vcc t - 115 V 
\ 
\ 
\ 
See Note 9 
\ 
\lLM311 


LM111 


LM211 \ 
V 
\ 
\ 
v 
CONDITION 1 
1 
" V 


N 
s 
CONDITION 2 


LM311 
^sJ 


LM2 i' 


-60-40-20 
0 
20 
40 
60 
80 
100 120 140 


T^-Frcc-Air Temperature—°C 


FIGURE 1 


VOLTAGE TRANSFER CHARACTERISTICS 


-0.5 
0 
0.5 


ViD-Differential Input Voltage-mV 


500 


450 


400 
< 
I 350 


c 


~ 
300 


a 
25° 
m 
- 
200 


a 
£ 
150 
I 
m 
- 
100 


50 


INPUT BIAS CURRENT 


vs 


FREE-AIR TEMPERATURE 


vcc • 
• 15 V 


See Note 9 
LM111 
| 
N 
\ 
\ 
CONDITION 2 


:ONDITION 
l2i 


— 
LM311 


1 , 


— 
LM111 
t 
LM2I1 


-60-40-20 
0 
20 
40 
60 
80 100 120 140 


T/\—Free-Air Temperaturo-°C 


FIGURE 2 


V|D| 


VCC+ =30V 
+V-50VILM111.LM211) 


I 
40 V (LM311) 


VCC- 


COLLECTOR OUTPUT TRANSFER CHARACTERISTIC 


TEST CIRCUIT FOR FIGURE 3 


Vcc+"30 V 


V|D| 


L 
.J 
vCc- 


EMITTER OUTPUT TRANSFER CHARACTERISTIC 


TEST CIRCUIT FOR FIGURE 3 


'Data at high and low temperatures are applicableonly within the rated operating free-airtemperature ranges of the various devices. 
NOTE 9: 
Condition 1 is with the balance and balance/strobe terminals open. Condition 2 is with the balance and balanco/strobe terminals connected to Vcc + • 
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OUTPUT RESPONSE FOR 
VARIOUS INPUT OVERDRIVES 


11 


*4 
8 
> 


1 
1 
J 100 mV 


vCCr "*16V 


T i-lb C 


/ 
- 
•> ... •y, ^ 
2m 1 
// 
1 
9 
J f 
j 


60 
100 
150 
200 
250 
300 
350 


1-Timt-m 


FIGURE 4 


OUTPUT RESPONSE FOR 
VARIOUS INPUT OVERDRIVES 


2 I 


O 
-10 
> 
-15 


J 100 mV 
VCC.----15V 
RE -2kilio-15 V- 
TA.2S"C 
1 1 
20jnV^./ / 
^ 
1 
f J 
A 
' 


7 
/ 


/ 
"- ? mV 


/ 


/ / 


0 
03 
04 
0.6 0.8 
1.0 12 14 
1.6 
1.8 
l-Tinw-in 


FIGURE 6 


OUTPUT CURRENT tnd DISSIPATION 


OUTPUT VOLTAGE 


Vo-Outpul Volt»««-V 


FIGURE 8 


TYPES LM111, LM211. LM311 
DIFFERENTIAL COMPARATORS WITH STROBES 


TYPICAL CHARACTERISTICS 


VCC- " -15 V 


TEST CIRCUIT FOR FIGURES 4 AND 5 


Vcc+=15V 


OUTPUT RESPONSE FOR 
VARIOUS INPUT OVERDRIVES 


v. | 
JlOOmV 
g k 
VCC- ':15V 


Ta •JS'C 


> 5 
i4 
1 3 
I 1 


3 


20 mV 


' 
Y 
:2n V 
\L 


I> 
si 


0 
50 
100 
150 
200 
250 
300 
350 


FIGURE 5 


OUTPUT RESPONSE FOR 
VARIOUS INPUT OVERDRIVES 


S 
5 
> 
I 
° 


J100 mV 
Vcc;-: 15 V 
RE-2kSllo -15 V- 
IA • 25'C 
\-7 mV 1 


6m 
' 


20 mV \ 
1 1 
VCC- " -15 V 


TEST CIRCUIT FOR FIGURES 6 AND 7 


SUPPLY CURRENT FROM VCo 


SUPPLY VOLTAGE VCC. 


TA• 25'C 
Nolotd 


V D — 
OmV 


•^vTD- 10 


Vcc»-Poiit.v. Supply Volugt-V 


FIGURE 9 
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0.2 0.4 06 OB 
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1.2 
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1.6 1.8 


t-Timt-p» 


FIGURE 7 


SUPPLY CURRENT FROM VcC- 


SUPPLY VOLTAGE VCC- 


V|D" 
Ta- 


10 mV 
5"C 


a -10 mV 


No io id 


/ 
S* 


/ 


-5 
-10 
-15 
Vcc_-Nt»ili«i Supply Volugt-V 


FIGURE 10 
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TYPES LM111, LM211, LM311 
DIFFERENTIAL COMPARATORS WITH STROBES 


20 kJJ 
-Wv- 


1200 pF" 


I 


L. 


VCC+ 


TYPICAL APPLICATION DATA 


SQUARE WAVE 


OUTPUT 
(Fan out to two 
Series 54 gates 
or equivalent) 


'39 kn 


VCC+ 


FIGURE 11-100-kHz 
FREE-RUNNING MULTIVIBRATOR 
FIGURE 12 
OFFSET BALANCING 


vcc+ 


VCC- 


FIGURE 13-STROBING 
FIGURE 14-ZERO-CROSSING DETECTOR 


INPUT' 


'Resistor values shown are for a 0-to-30-V logic swing and a 


15-V threshold. 


4 M.iy be added to control speed and reduce susceptibility to 
noise spikes. 


FIGURE 15-TTL INTERFACE WITH HIGH-LEVEL LOGIC 
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TYPES LM111, LM211, LM311 
DIFFERENTIAL COMPARATORS WITH STROBES 


TYPICAL APPLICATION DATA 


-I 
<2kn 
I ^ OUTPUT 
I 
TO TTL 
I 


MAGNETIC 
TRANSDUCER 


FIGURE 16-DETECTOR FOR MAGNETIC TRANSDUCER 


Vcc+ 


100 kn 
-JvW- 


K 
0.1 uF 


vcc+ 
2kn 
-AAAr- 
10 pF 
HD^h 
1 


J 


FIGURE 17-100-kHz CRYSTAL OSCILLATOR 


FROM D/A NETWORK 


TTL STROBE 
J2 


FIGURE 18-COMPARATOR AND SOLENOID DRIVER 


VCC+ 


FIGURE 20-LOW-VOLTAGE 
ADJUSTABLE REFERENCE SUPPLY 


1.5 uF 


Typical input current is 50 pA with inputs strobed off. 


FIGURE 19-STROBING BOTH INPUT AND 
OUTPUT STAGES SIMULTANEOUSLY 


VCC-=-iov 


FIGURE 21-ZERO-CROSSING 
DETECTOR DRIVING MOS LOGIC 
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TYPES LM111, LM211, LM311 
DIFFERENTIAL COMPARATORS WITH STROBES 


TYPICAL APPLICATION DATA 


VCC+- 5 V 


TAdjustto set clamp level. 


FIGURE 22-PRECISION SQUARER 


+ 5V 
VCC+•5 V 


FIGURE 23-DIGITAL TRANSMISSION ISOLATOR 


VCC+-15V 


FIGURE 24-POSITIVE-PEAK DETECTOR 
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TYPES LM111, LM211, LM311 
DIFFERENTIAL COMPARATORS WITH STROBES 


TYPICAL APPLICATION DATA 


VCC+=15V 


2kn 
INPUT^wC 
1 


VCC-=-15 V 


FIGURE 25-NEGATIVE-PEAK DETECTOR 


VCC+•5 
V 


'R1 sets the comparison level. At comparison, tho photo- 
diode has less than 5 mV across it decreasing dark current 
by an order of magnitude. 


FIGURE 26-PRECISION PHOTODIODE COMPARATOR 


VCC+ 


tTransicnt voltage and inductive kickback protection 


FIGURE 27-RELAY DRIVER WITH STROBE 


CO 


CO 
1— 
CO 
Q. 
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o 
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TYPES LM111. LM211. LM311 
DIFFERENTIAL COMPARATORS WITH STROBES 


lOkn 
INPUT 
^AW- 


0.1 <iF" 


16 kl) 
REFERENCE 
VW- 


TYPICAL APPLICATION DATA 


I 
B/S 


100 kn^ I 
B/S 


L. 
nf 


•1 


300 n 
—Wv— 
Ti 
3} 


FIGURE 28-SWITCHING POWER AMPLIFIER 


0.22 ;jF 


510 n 
r- 


300 kP. 
L. 


620 n« 


_L 
Vcc-J^ 


1 


vCc- 


620. 


n 
< 
4, 


WlP29 


FIGURE 29-SWITCHING POWER AMPLIFIERS 
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-vcc+ 


-Vcc- 


-vcc 


LINEAR 
INTEGRATED 
CIRCUITS 


Single Supply or Dual Supplies 


Wide Range of Supply Voltage. . 
2 to 36 V 


Low Supply Current Drain Independent of 
Supply Voltage 
0.8 mA Typ 


Low Input Bias Current 
25 nA Typ 


Low Input Offset Current 
3 nA Typ 
(LM139) 


Low Input Offset Voltage 
2 mV Typ 


Common-Mode Input Voltage Range 
Includes Ground 


Differential Input Voltage Range Equal to 
Maximum-Rated Supply Voltage ... 
±36 V 


Low Output Saturation Voltage 


Output Compatible with TTL, MOS, and 
CMOS 


description 


These devices consist of four independent voltage 
comparators that are designed to operate from a single 
power supply over a wide range of voltages. Operation 
from dual supplies is also possible so long as the 
difference between the two supplies is 2 volts to 
36 volts and pin 3 is at least 1.5 volts more positive 
than the input common-mode voltage. Current drain 
is independent of the supply voltage. The outputs can 
be connected to other open-collector outputs to 
achieve wired-AND relationships. 


symbol (each comparator) 


NONINVERTING 
INPUT IN+ 


INVERTING 
INPUT IN- " 


TYPES LM139. LM239, LM339, LM139A 
LM239A, LM339A, LM2901 
QUADRUPLE DIFFERENTIAL COMPARATORS 


D1979. OCTOBER 1979-REVISED AUGUST 1983 


D. J. 
OR N DUAL-IN-LINE PACKAGE 


(TOP VIEW) 


OUT COMP 1[Ti" 
OUT COMP 2^2 
VCcC3 


COMP 
#2 


COMP 


#1 


IN- C" 
IN+ C 
IN- C 
IN+ C 


Uh] OUT COMP 3 
13 3 OUT COMP 4 
123 GND 
11 ] IN + 
103 IN- 
9 3 IN+ 
8 3 IN- 


COMP 
#4 


COMP 
#3 


LM139. LM139A 


FH. OR FK CHIP CARRIER PACKAGE 


(TOP VIEW) 


I- I- 
h- 
r- 


O O 
u 
O O 


CM r- 
2 
M 
<* 


3 
2 
1 20 19 
vcc ]< 
NC ]B 
2 IN- ]6 
NC ] 7 
2 IN+ ]8 


18[ GND 
17[ NC 
16[ 4 IN + 
I6[ NC 
14[ 4 IN- 


9 
10 11 12 13 


+ 
y 
2 
Z 


CO 
CO 


NC-No internal connection 
<J) 


CO 


co 
a 
E 
o 
O 


CD 
CD 
CO 


o 
> 
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CO 


TYPES LM139, LM239, LM339, LM139A 
LM239A, LM339A, LM2901 
QUADRUPLE DIFFERENTIAL COMPARATORS 


schematic (each comparator) 


NONINVERTING 


INPUT 


80-uA 
CURRENT 
REGULATOR 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc 'see Note 1) 
36 v 
Differential input voltage (see Note 2) 
±36 V 
-0.3 V to 36 V 
36 V 
20 mA 


Input voltage range (either input) 
Output voltage 
Output current 
Duration of output short-circuit to ground (see Note 3) 
unlimited 
Continuoustotal dissipation at (or below) 25°C free-air temperature (see Note 4): 
D, FH, FK. or J package 
900 mW 
J package 
875 mW 
Operating free-air temperature range: LM139. LM139A 
-55°C to 125°C 
LM239. LM239A 
-25°C to 85°C 
LM339. LM339A 
0°C to 70°C 
LM2901 
-40°c t0 85°C 
Storage temperature range 
-65°C to 150°C 
Lead temperature 1.6 mm (1/16 inch) from case for 60seconds: FH. FK, or J package 
300 °C 
Lead temperature 1,6mm (1/16 inch) from case for 10seconds: Dor Npackage 
260°C 


S: 1. All voltage values, except differential voltages, arewith respect tothenetwork ground terminal. 
2. Differential voltages areat thononinverting input terminal with respect to thoinverting Input terminol. 
3. Short circuits from outputs to Vcc cancauseexcessive heating andeventual destruction. 
i. For operation above 25°C free-air temperature, refer toDissipation Derating Curves. Section 2.In tho J package. LM139 and LM139A chips 
are alloy-mounted; LM239. LM239A. LM339, LM339A. and LM2901 chips areglass-mounted. 
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electrical characteristics at specified free-air temperature, Vcc = 5V (unless otherwise noted) 


PARAMETER 
TEST CONDITIONS' 
LM139 
LM139A 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


VlO 
Input offset voltago 
VCC - 5 V to 30 V. 


VIC • V|CRmin. V0 - 1.4 V 


25 "C 
2 
5 
1 
2 
mV 
-55°C to 
125°C 
9 
4 


Ho 
Input offset current 
V0 = 1.4 V 
25°C 
3 
25 
3 
25 
nA 
-55°C to 12S°C 
100 
100 


'IB 
Input bias current 
V<j» 1.4 V 
25°C 
-25 
-100 
-25 
-100 
nA 
-55°C to 125°C 
-300 
-300 


VlCR 
Common-mode 


input voltage range 


25 °C 
0 to 


VCC-1-5 


0 to 
Vcc' 
5 
V 
-55°Cto 125°C 
0 to 


VCC-2 


0 to 


VCC "2 


AVD 
Largo-signal differential 


voltago amplification 
VCC • 
15 V. V0 = 1.4 V to 11.4 V. 
RL a 15 kO to Vcc 
25 °C 
200 
50 
200 
V/mV 


'OH 
High-level output current 
V|D = 1 V 
V0H • 
5 V 
25 °C 
0.1 
0.1 
nA 


vol 
Low-lovol output voltago 
25 °C 
150 
4O0 
150 
400 
mV 
-55°C to 
125°C 
700 
700 
'OL 
Low-lovol output current 
V(D = -1 V. 
V0L ,1.5V 
25 °C 
6 
16 
6 
16 
mA 


'CC 
Supply current 


(four comparators! 
Vq = 2.5 V. No load 
25-C 
0.8 
2 
0.8 
2 
mA 


All characteristics are measured with zero common-mode inputvoltage unlessotherwisespecified. 


switching eh aracteristics, Vcc = 5 V, Ta = 25 5C 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


Response time 
Rl connected to 5 V through 5.1 kf), 


CL • 
15 pF.§ 
Soo Note 5 


100-mV input stop with 5-mV overdrive 
1.3 
MS 
TTL-levol input stop 
0.3 


'Cl includes probe and jig capacitance. 
NOTE 5:The response time specified istheinterval between tho input stepfunction and theinstant when tho output crosses 1.4V. 


Voltage Comparators 
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electrical characteristics at specified free-air temperature, Vcc - 
5 V (unless otherwise noted) 


PARAMETER 
TEST CONDITIONS' 
LM239. LM339 
LM239A. LM339A. 
LM2901 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


V|0 
Input offsot voltago 
VCc • 5 V to 30 V. 
V,C - VICRmin. V0 -1.4 V 
Full range 
9 
4 
15 
mV 


'10 
Input offset current 
V0 - 
1.4 V 
25°C 
5 
50 
5 
50 
5 
50 
nA 
Full range 
150 
150 
200 


'IB 
Input bias curront 
Vq - 1.4 V 
Full range 
-400 
-400 
-500 
nA 


V|CR 
Common-mode 


input voltago rango 


25 °C 
Oto 
Vcc-1.5 


0 to 


VCC-'-5 


0 to 


vcc-' 5 
V 


Full range 
0 to 


VCC-2 


0 to 


VCC-2 


0 to 


vcc- 2 


*VD 


Largo-signal 


differential voltage 
vCc - '5V- 
Vq ° 1.4 V to 11.4 V. 


RL 2 15 kf)to VCC 


25°C 
200 
50 
200 
25 
100 
V/mV 


•oh 
High-level 


output current 
V,D - 
1 V 
V0H = 5 V 
25°C 
0.1 
0.1 
0.1 
nA 


V0H - 30 V 
Full rango 
1 
1 
1 
(•A 


vol 
Low-level 
V|D - 
- ' V. 
I0L = 4 mA 
Full range 
700 
700 
700 
mV 


'OL 
Low-level 


output current 
V|D = -1 V. 
V0L - 1.6 V 
25 °C 
6 
16 
6 
16 
6 
16 
mA 


•cc 
Supply curront 


(four comparators) 


V0 . 2.5 V. No load 
25-C 
0.8 
2 
0.8 
2 
mA 
Vcc 
30 V. Vo = 15 V. No load 


39A is 0°C to 70CC. and for LM2901 is -40 "C to 85 °C. All character!sties are n casured 


switching characteristics, Vcc = 5 V, Ta = 25 °C 


TEST CONDITIONS 


Response tin 
RL connected to 5 V through 5.1 kl). 


C(_ • 15 pF.5 
See Note5 


100-mV input step with 5-mV overdrivo 


TTL-levol input step 


§Cl includes probe and |ig capacitanco. 
NOTE 5:Tho response timo specified istho interval botwoon tho input stop function and tho instant when tho output crossos 1.4V. 


MIN 
TYP 
MAX 


f= ^ 
t» -o 


33 CO 


C= 
-o 2 
ro 


O 
CO 
-n 
•n 
m 


r— 
2 
33 CO 
m 
Z 
—1 
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O 
ro 


o 
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•o 
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«£ 
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LINEAR 
INTEGRATED 
CIRCUITS 


TYPES LM193, LM293, LM393, LM293A, LM393A, LM2903 
DUAL DIFFERENTIAL COMPARATORS 


• 
Single Supply or Dual Supplies 


• 
Wide Range of Supply 
Voltage 
2 to 36 Volts 


Low Supply Current Drain Independent of 
Supply Voltage 
0.5 mA Typ 


• 
Low Input Bias Current 
25 nA Typ 


• 
Low Input Offset Current 
3 nA Typ 
(LM193) 


• 
Low Input Offset Voltage 
2 mV Typ 


• 
Common-Mode Input Voltage Range 
Includes Ground 


• 
Differential Input Voltage Range Equal to 
Maximum-Rated Supply Voltage ... 
±36 V 


• 
Low Output Saturation Voltage 


• 
Output Compatible with TTL, MOS, and 
CMOS 


description 


These devices consist of two independent voltage 
comparators that are designed to operate from a single 
power supply over a wide range of voltages. Operation 
from dual supplies is also possible so long as the 
difference between the two supplies is 2 volts to 
36 volts and pin 8 is at least 1.5 volts more positive 
than the input common-mode voltage. Current drain 
is independent of the supply voltage. The outputs can 
be connected to other open-collector outputs to 
achieve wired-AND relationships. 


symbol (each comparator) 


NONINVERTING 
INPUTIN+ 
OUTPUT 


02232. JUNE 1976-REVISED AUGUST 1983 


D. JG OR P DUAL-IN-LINE PACKAGE 


(TOP VIEW) 
out ni U 8[J VCC 
: 'N- £2 
7D0UT 
IN+ E 3 
6] IN- 
GND C « 
5 D IN + 
{ 
} 


COMP #2 


LM193 


FH OR FK CHIP CARRIER PACKAGE 


(TOP VIEW) 


O 
O 
U 
U 
Z 
> 
2 


/ 
3 
i—i 
2 
i—ii—ii 
1 20 19 \ 
NC ]4 
18 Ii NC 


1 IN- 
J5 
"1" 
2 OUT 
NC ]« 
16f 
NC 


1 
IN + 
J7 
15f 
2 IN- 
NC J8 
14[ 
NC 
\ 
9 
I—| 10 11 12 13 
nnnn / 
OQO +0 
2 
Z 
2 
^ 
Z 
CD 
- 


NC-No internal connection 
V) 


£ 


Q. 
E 
o 
O 


0) 
O) 
CO 


o 
> 
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U) 


TYPES LM193, LM293, LM393, LM293A, LM393A, LM2903 
DUAL DIFFERENTIAL COMPARATORS 


schematic (each comparator) 


NONINVERTING 


INPUT 


Current values shown are nominal. 


80-mA 
1 
CURRENT £-4 
REGULATOR y 


VCC 
(OR 


VCC+) 


OUTPUT 


VCC-) 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 
^ ^ 
Supply voltage, Vcc 'seeNote 1' 
±36V 
Differential input voltage (see Note 2) 
"J''" * 
Input voltage range (either input) 
Output voltage 
' ' ' 20mA 
Output current 
--- 
••••••••.•• 
unlimited 
Duration of output short-circuit to ground (see Note J 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 4): 
^ ^ 
Dor Ppackage 
'.]'.'.'. 825 Zw 
JG package (glass-mounted chip) 
gQQ mW 
FH, FK, or JG (alloy mounted chip) package 
' *'' 
, . ., m 
-55 C to 125 L 
Operating free-air temperature range: LM19J 
«0r,„Qr;or 
LM293, LM293A 
„ 
° 
LM393, LM393A 
0°C to 70°C 
LM2903 
-40°Cto85°C 
-65°C to 150°C 
Storage temperature range 
',«''*!" 
-?nn°C 
Lead temperature 1.6 mm (1/16 inch) from case for 60 seconds: 
JG package 
^ 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: Dor Ppackage 


NOTES- 1 All voltage values, except differential voltages, are with respect to tho network ground terminal. 
2. Differential voltages are attho noninverting input terminal with respect to the inverting Input terminal. 


•* 
<5hnn circuits from outputs toVrr cancause excossivo heating and eventual destruction. 
^pTa,^ 
LM293. LM293A. LM393. LM393A. and LM2903 chips areglass-mounted. 
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electrical characteristics at specified free-air temperature, Vcc = 5 V (unless otherwise noted) 


PARAMETER 
TEST CONDITIONS1 
LM193 
LM293. LM393 
LM293A. LM393A 
LM2903 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


V|0 
Input offsot voltage 
Vcc • 5 V to 30 V. 


VIC " V|CR. 
V0 
- 1.4 V 


25 °C 
2 
5 
2 
5 
1 
2 
2 
7 
mV 
Full rango 
9 
9 
4 
15 


l|q 
Input offsot current 
Vq = 1.4 V 
25°C 
3 
25 
5 
50 
5 
50 
5 
50 
nA 
Full range 
100 
150 
150 
200 


ho 
Input bias current 
Vq " 1.4 V 
25°C 


Full rango 


25 
100 


300 


25 
250 


400 


25 
250 


400 


25 
250 


500 
nA 


V|CR 
Common-modo input 
voltage rango' 


25 °C 
Oto 


vcc-' 5 


0 lo 


VCC- '5 


Oto 


VCC-1-5 


Oto 


vcc- 
.5 


V 
Full range 
0 lo 


vcc- ! 


0 
10 


VCC "2 


0 10 


VCC-2 


0 lo 


. 


AVD 


Large-signal 


differential voltage 


amplification 


VCC = 15 V. 


V0 = 1.4 V to 11.4 V, 
RL ^ 15 ki) to Vcc 
25 "C 
50 
200 
200 
50 
200 
25 
100 
V/mV 


'OH 
High-level 


output current 


V0H - 5 V. V,D = 1 V 
25 °C 
0.1 
0.1 
0.1 
0.1 
nA 
V0H = 30 V. V,D = 1 V 
Full range 
1 
1 
1 
1 


vol 
Low-levol 


output voltage 
"OL " 4 m*. V|D = 1 V 
25°C 
150 
400 
150 
•100 
150 
400 
150 
400 
mV 
Full range 
700 
700 
700 
700 


'OL 
Low-lovel 


output current 
V0L - l.S V, V|q - 1 V 
25 °C 
6 
6 
6 
6 
mA 


'cc 
Supply current 


VCC " 5 V, 


Vq • 2.5 V 
25 "C 
0.8 
1 
0.8 
1 
0.8 
1 
0.8 
1 


mA 
VCC 
=• 
30 V. 


V0 = 15V 
Full range 
2.5 
2.5 
,s 
2.5 


Full range (MIN to MAXI for LM193 is -55°C to 125°C. for tho LM293 and LM293A is -25°C to 85°C. for tho LM393 and LM393A is 0°C to 70°C. and for LM2903 is -40°C to 85°C 
All characteristics are measuredwithzero common-mode Inputvoltago unlessotherwisespecified. 
'The voltage at either input or common-mode should not bo allowed to go negative by more than 0.3 V. The upper end of the common-mode voltage rango is Vcc+ -1.5 V. but either or 
both inputs can go to 30 V without damage. 


switching cht racteristics, Vcc = 5 V, Ta = 25 °C 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


Response time 
RL connected to 5 V through 5.1 kfl, 


CL = 15 pF5. 
See Note5 


100-mV input step with 5-mV ov ordrive 
1.3 
«s 
TTL-levol input step 
0.3 


§Cj_includes probe and jig capacitance. 
NOTE 5: Thoresponsetime specified is the intorval between the input step function and tho instant when the output crosses 1.4 V. 


Voltage Comparators H 
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Voltage Comparators 


LINEAR 
INTEGRATED 
CIRCUITS 


Can Operate from Single 5-V Supply 


Fast Response Time . . . 80 ns Typ with 
Vcc = ±15V 


Low Input Bias Current Over Temperature 
Range 


Inputs and Outputs Can 
Be 
Isolated from 
System Ground 


High Common-Mode Slew Rate 


Outputs Compatible with TTL Circuits 


description 


The LM219 and LM319 each consists of two 
high-speed precision comparators that operate 
over a wide range of supply voltages. These 
comparators 
are 
fully 
specified 
for 
power 
supplies up to ±15 volts, but are specifically 
designed to operate from a single 5-volt digital 
logic supply. Due to the uncommitted collector 
at the outputs, the LM219 and LM319 are 
compatible with TTL circuits. These comparators 
are also well-suited for driving lamps and relays 
at currents up to 25 milliamperes. The LM219 
series features faster response times but greater 
power dissipation than the LM111 series. 


The LM219 is characterized for operation over 
the temperature range of - 25 °C to 85 °C; the 
LM319 is characterized for operation over the 
temperature range of 0°C to 70 °C. 


absolute maximum ratings over free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc + to VCC~ 
36 V 
Supply voltage, Vcc + (see Note 1) 
18V 
Supply voltage, Vcc - 
(see Note 1) 
- 25 V 
Differential input voltage (see Note 2) 
± 5 V 
Input voltage (either input, see Note 3) 
± 15 V 
Voltage from output to Vcc - 
36 V 
Duration of output short-circuit (see Note 4) 
10 s 
Continuous total power dissipation at (or below) 25 °C free-air temperature (see Note 5) . . . 500 mW 
Operating free-air temperature range: LM219 
-25°C to 85 °C 
LM319 
0°C to 70°C 
Storage temperature range 
-65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package 
300°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N package 
260°C 


NOTES: 
1. 
All voltage values, except differential voltages, aro with respect lo tho appropriate comparator ground terminal unloss otherwise specified. 
2. 
Differential voltages are at tho noninverting input terminal with rospect to tho inverting input terminal. 
3. 
Tho magnitude of the input voltage must novor exceed the magnitude of the supply voltage or 15 volts, whichever is less. 
4. 
The output may be shorted to ground or to either power supply. 
5. 
For operation above 25°C froe-air temperaturo. refer to Dissipanon Derating Curves. Section 2. 


TYPES LM219, LM319 
DUAL DIFFERENTIAL COMPARATORS 


D2802. OCTOBER 1983 


J OR N DUAL-IN-LINE PACKKAGE 


(TOP VIEW) 
NCQl U14QNC 
NCQ2 
13^NC 
#1 gndC 3 
H1 IN + C 4 
n 
in- C 5 
vcc- Ce 
#2 OUTC 7 


NC-No internal 


12 3 "1 OUT 
" Dvcc + 
10 3 "2 IN- 
9 ] H2 IN + 
8 ] §2 GND 


symbol (each comparator) 


NONINVERTING 


INPUT IN+ 


INVERTING 


INPUT IN- 
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TYPES LM219, LM319 
DUAL DIFFERENTIAL COMPARATORS 


electrical characteristics at specified free-air temperature, Vcc ± - 
± 15 V (unless otherwise noted) 


PARAMETER 
TEST CONDITIONS' 
LM219 
LM319 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


VlO 
Input offset voltago 
See Note 6 
25°C 
0.7 
4 
2 
8 
mV 
Full rango 
7 
10 


ho 
Input offset current 
See Note 6 
25 °C 
30 
75 
80 
200 
nA 
Full range 
100 
300 


'IB 
Input bias current 
25°C 
150 
500 
250 
1000 
nA 
Full range 
1 (;00 
1200 


V|CR 
Common-mode input 


voltage range 
VCC^ 
= 5V- 
VCC- 
= ° 


Full range 
±12 
±13 
i 13 


V 
Full range 


1 


to 


3 


1 


to 


3 


AVO 
Largo-signal differential 


voltage amplification 


Vq = 1 V to 4 v. 


VCC+ 
= 5V.VCC_ 
= 0. 


RL = 2 kit 


25"C 
10 
40 
8 
40 
V/mV 


Vol 
Low-level 


output voltage 


'OL - 25 mA 
V|D = - 5 mV 
25°C 
0.75 
1.5 


V 
VlD - 
10 mV 
25°C 
• 
1.5 


VCC^ - 4.5 V. 


VCC- • °- 
l0L = 3.2 mA 


V|D 
- -6mV 
0°C to 85°C 
0.23: 
0.4 


VID 
-lOmV 
0°C to 70 "C 
0.3' 
0.4 


V,D - -6mV 
-25"C to0°C 
0.6 


'oh 
High-level 


output current 


VCC. 
= 15 V. 


VCC - 
= o. 


Vqh • 35 V 


V|D • 
5 mV 
25 =C 
0.2 
2 


«A 
V,D = 10 mV 
25°C 
0.2 
10 


V|D = 7 mV 
-25°Cto 85°C 
1J 
10 


'CO 
Positive supply current 
VCC- 
= 5 v' 
VCC- 
^ 0 
25 "C 
4.3 
4.3 
m A 
25°C 
8 
11.5 
8 
12.5 


'cc 
Negative supply curront 
25°C 
-3 
-4.5 
-3 
-5 
mA 


'Full range is -25°C to 85°C for tho LM219 and 0°C to 70°C for the LM319. 
:Theso typical values are at worst-case temperaturo. 
NOTE 6: 
Boththe offset voltages and the offsot currents are the maximum values needed to drivethe output to within 1 voltof either supply with i 
load. These paramotors define an error band that includes the worst-case effects of voltage amplification and input Impodance. 


switching characteristics, Vcc = -15 V, T/\ = 25 °C 


PARAMETER 
TEST CONDITIONS 
LM219 
LM319 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Response time 
See Note 7 
80 
80 
ns 


NOTE 7: 
Tho responsetime specified is fora 100-mV inputstep with5-mV overdrive and is the interval betweenthe inputstop lunction and the instant 
when the output crosses t.4 V. 
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LINEAR 
INTEGRATED 
CIRCUITS 


Single Supply or Dual Supplies 


Wide Range of Supply Voltage . . . 


2 to 28 Volts 


Low Supply Current Drain Independent of 
Supply Voltage . . . 0.8 mA Typ 


Low Input Bias Current . . . 25 nA Typ 


Low Input Offset Current . . . 3 nA Typ 


Low Input Offset Voltage ... 3 mV Typ 


Common-Mode Input Voltage Range 
Includes Ground 


Differential Input Voltage Range Equal to 
Maximum-Rated Supply Voltage ... ±28 V 


Low Output Saturation Voltage 


Output Compatible with TTL, MOS, and 
CMOS 


description 


This device consists of four independent voltage 
comparators that are designed to operate from a single 
power supply over a wide range of voltages. Operation 
from dual supplies is also possible so long as the 
difference between the two supplies is 2 volts to 
28 volts and pin 3 is at least 1.5 volts more positive 
than the input common-mode voltage. Current drain 
is independent of the supply voltage. The outputs can 
be connected to other open-collector outputs to 
achieve wired-AND relationships. 


schematic (each comparator) 


80-uA 
I 
CURRENT (_) 
REGULATOR 


TYPE LM3302 
QUADRUPLE DIFFERENTIAL COMPARATOR 


D2402. OCTOBER 1977-REVISED AUGUST 1983 


D. J, OR N DUAL-IN-LINE PACKAGE 


(TOP VIEW) 
rcr 
OUT COMP 1 £ 
OUTCOMP2 £ 
vccC 


3 OUT COMP 3 
3 OUT COMP4 
]GND 
3IN+\C0MP4 
JIN-/ 
J-IN-p 


fiN-n 


COMP 2 


COMP 1 
c 
E 
IN+ £ 


symbol (each comparator) 


NONINVERTING 
INPUT IN+ 


VCC 
(OR 
VCC+I 


60 "A 
JM0(iA 
08OUA 


14- 


NONINVERTING 
INPUT 
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TYPE LM3302 
QUADRUPLE DIFFERENTIAL COMPARATOR 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vqc (see Note 1) 
_ 
28 V 
Differential input voltage (see Note 2) 
± 28 V 
Input voltage range (either input) 
-0.3 V to 28 V 
Output voltage 
28 V 
Output current 
20 mA 
Duration of output short-circuit to ground (see Note 3) 
unlimited 
Continuous total dissipation at (or below) 25 °C free-air temperature (see Note 4) 
500 mW 
Operating free-air temperature range 
-40°C to 85 °C 
Storage temperature range 
-65°C to 150 °C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package 
300 °C 
Lead temperature 1.6 mm (1/16 inch) from case for 10 seconds: D or N package 
260°C 


NOTES: 
1. 
All voltage valuOB. oxcept difforontial voltages, are with respect to the network ground terminal. 
2. 
Differential voltages are at the noninverting input terminal with rospect to the inverting input terminal. 
3. Short circuits from the output to Vcc can cause excessive heating and eventual destruction. 
4. 
For operation above 25CC free-air temperature, refer to Dissipation Derating Curves. Section 2. In tho J package. LM3302 chips aro glass-mounted. 


electrical characteristics at specified free-air temperature, Vqc = 5 V (unless otherwise noted) 


PARAMETER 
TEST CONDITIONS i 
MIN 
TYP 
MAX 
UNIT 


V|0 
Input offset voltage 
Vcc = 5 V to 28 V, 


VIC = VICR min- 
V0 = 1-4 V 


25°C 
3 
20 
mV 
-40°C to 85°C 
40 


'10 
Input offset current 
V0 = 1.4 V 
25"C 
3 
100 
nA 
-40°C to 85°C 
300 


'IB 
Input bias current 
25°C 
-25 
-500 
nA 
-40°C to 85 °C 
-1000 


V|CR 
Common-mode input 


voltage range 


25 °C 
Oto 


vcc- 
.5 
V 


-40°C to 85°C 
0 to 
vcc-2 


Avd 
Large-signal differential 


voltage amplification 


VCC - 
15 V, 
V0 = 1.4 V to 11.4 V. 
RL = 15 ktl to VCc 


25°C 
2 
30 
V/mV 


'OH 
High-level output current 
Vid = 1 V, 
Vqh = 5 V 
25 °C 
0.1 
nA 


-40°C to 85°C 
1 
mA 


vol 
Low-level output voltage 
V|D = - 1 V, 
Iql = 4 mA 
25°C 
150 
500 
mV 
-40°C to 85°C 
700 


'ol 
Low-level output current 
V|D = 1 V, 
Vol- LBV 
25°C 
6 
16 
mA 


'cc 
Supply current 


(four comparators) 
Vq = 2.5 V, 
No load 
25°C 
0.8 
2 
mA 


'All characteristics are measured with zero common-mode input voltage unless otherwise specified. 


switching characteristics, Vqc = 5 V, Ta = 25 °C 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


Response time 
RL = 


cL = 


5.1 
kl) to 5 V. 
15 pF*. 
See Note 5 


100-mV input step with 5 mV overdrive 
1.3 
US 
TTL-levol input step 
0.3 


•Cl includes probe and jig capacitance. 
NOTE5: The response time specified is tho interval between the input step function and the instant when the output crosses 1.4 V. 
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LINEAR 
INTEGRATED 
CIRCUITS 


Single Supply or Dual Supplies 


Wide Range of Supply Voltage ... 2 to 
36 Volts 


Low Supply Current Drain Independent of 
Supply Voltage . . . 0.8 mA Typ 


• 
Low Input Bias Current . . . 25 nA Typ 


• 
Low Input Offset Current . . . 3 nA Typ 
(TL331M) 


• 
Low Input Offset Voltage ... 2 mV Typ 


• 
Common-Mode Input Voltage Range 
Includes Ground 


• 
Differential Input Voltage Range Equal to 
Maximum-Rated Supply Voltage ... ±36 V 


• 
Low Output Saturation Voltage 


• 
Output Compatible with TTL, MOS, and 
CMOS 


description 


TYPES TL331M, TL331I, TL331C 
DIFFERENTIAL COMPARATORS 


D2344. APRIL 1977-REVISED AUGUST 1983 


D, JG OR P 


DUAL-IN-LINE PACKAGE 


(TOP VIEW! 


7TJ7 


2 
7 


3 
6 


4 
5 


NCQ 
IN- C 
IN+ E 
GNDC 


]NC 
Dvcc 
DOUT 
Unc 


NC—No internal connection 


The TL331 is a voltage comparator that is designed to operate from a single power supply over a wide range of voltages. 
Operation from dual supplies is also possible so long as the difference between the two supplies is 2 volts to 36 volts 
and pin 7 is at least 1.5 volts more positive than the input common-mode voltage. Current drain is independent of 
the supply voltage. 


The TL331M is characterized for operation over the full military temperature range of - 55 °C to 125 °C. The TL3311 
is characterized for operation from -25°C to 85 °C. The TL331C is characterized for operation from 0°C to 70 °C. 


schematic 


NONINVERTING 


INPUT IN+ 


80-uA 


CURRENT 
REGULATOR 


Current values shown are nominal. 


VCC (OR VCC+I 


GND (OR Vcc-) 


/77 


CO 


i- 
(0 
Q. 
E 
o 
o 


0) 
D> 


o 
> 
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TYPES TL331M, TL331I, TL331C 
DIFFERENTIAL COMPARATORS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, VqC <see Note 1> 
36 V 
Differential inputvoltage (see Note 2) 
±36 V 
Input voltage range (either input) 
-0.3 Vto 36 V 
Outputvoltage 
36 v 
Output current 
20 mA 
Duration of output short-circuit to ground (see Note 3) 
unlimited 
Continuoustotal dissipation at (or below) 25 °C free-air temperature (see Note 4) 
680 mW 
Operating free-air temperature range: TL331M 
-55°C to 125°C 
TL331I 
-25°C to 85°C 
TL331C 
0°C to 70°C 
-65°C to 150°C 
Storage temperature range 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package 
300°C 
Lead temperature 1,6 mm (1/16inch) from case for 10 seconds: Dor P package 
260°C 


NOTES: 1. All voltagevalues,except differential voltages,aro with respectto the network ground terminal. 
2. Differential voltages are at the noninverting inputterminal with rospoct to the inverting inputterminal. 
3. Short circuits from the outputto Vcc cancauso excessive hoating andeventual destruction. 
4. For operation above 25°Cfroo-air temperature, rofor toDissipation Derating Curvos. Soction 2.IntheJGpackage. TL331M chips arealloy-mounted; 


TL331I and TL331C chips aro glass-mounted. 


electrical characteristics at specified free-air temperature, Vcc = 5 V (unless otherwise noted) 


PARAMETER 
TL331M. TL331I 
TL331C 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


V|o 
Input offset voltage 
Vcc = 5 V to 30 V, 
V|C = V|CR min. Vrj = 1.4 V 


25°C 
2 
5 
2 
5 
mV 
Full range 
9 
9 


l|0 
Input offset current 
Vo = 1-4 V 
25°C 
3 
25 
5 
50 
nA 
Full range 
100 
150 


l|g 
Input bias current 
25°C 
-25 
-100 
-25 
-250 
nA 
Full range 
-300 
-400 


Common-mode input 
ViCR 
voltage rango 
Vcc = 5 V to 30 V 


25 °C 
0 to 


VCC -1-5 


0 to 


VCC-1-5 
V 


Full range 
0 to 


VCC-2 


0 to 


VCC"2 


Large-signal differential 
voltage amplification 


VCC • 
15 V. 
Vo = 1.4 V to 11.4 V. 


RL = 15 kO to VCC 


25 °C 
200 
200 
V/mV 


High-level 
IflH 
output current 
V|D = 1 V 
V0H = 5 V 
25°C 
0.1 
0.1 
nA 


Vqh = 30 V 
Full range 
1 
1 
/«A 


Low-level 
Vol 
output voltage 
V|D = - 1 V. 
Iol = 4 mA 
25°C 
150 
400 
mV 
Full range 
700 
700 


Low-level 
lOL 
output current 
V|D = -1 V. 
Vol = 1-5 V 
25°C 
6 
6 
mA 


ICC 
Supply current 
Vo 
= 2.5 V. 
No load 
25°C 
0.5 
0.8 
0.5 
0.8 
mA 


'Full rango (MIN toMAXI for TL331M is -55°C to125°C. for the TL311I is -25°C to85°C. and for tho TL331C is0°C to70°C. All characteristics 
aro measured with zero common-modo input voltage unless otherwiso spociflod. 


switching characteristics, Vcc = 5 V, Ta = 25 °C 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


Response time 
Rl connected to 5 V through 5.1 kO. 
Cl = 15 pF,! 
See Note 5 


100-mV input step with 5-mV overdrive 
1.3 
cs 
TTL-level input step 
0.3 


!Cl includes proboand jigcapacitance. 
NOTE 5: The response time specified is tho interval betv 
the inputstep function and the instant whenthe output crosses 1.4 V. 
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LINEAR 
INTEGRATED 
CIRCUITS 


TYPES TL506M, TL506C 
DUAL DIFFERENTIAL COMPARATORS WITH STROBES 


Each Comparator Identical to LM106 or 
LIVI306 with Common Vcc + . VcC-. and 
Ground Connections 


Improved Gain and Accuracy 


Fan-Out to 10 Series 54/74 TTL Loads 


Strobe Capability 


Short-Circuit and Surge Protection 


Fast Response Times 


description 


The TL506 is a dual high-speed comparator, with each 
half having differential inputs, a low-impedance output 
with high-sink-current capability (100 mA), and two 
strobe inputs. This device detects low-level analog or 
digital signals and can drive digital logic or lamps and 
relays directly. Short-circuit protection and surge- 
current limiting is provided. 


The circuit is similar to a TL810 with gated output. 
A low-level input at either strobe causes the output 
to remain high regardless of the differential input. 
When both strobe inputs are either open or at a high 
logic level, the output voltage is controlled by the 
differential input voltage. The circuit will operate with 
any negative supply voltage between -3V and 
- 12 V with little difference in performance. 


The TL506M is characterized for operation over the 
full military temperature range of -55°C to 125°C; 
the TL506C is characterized for operation from 0°C 
to 70°C. 


D1208, MARCH 1971-REVISED AUGUST 1983 


TL506M ... J OR W 
PACKAGE 
TL506C ... J OR N PACKAGE 
(TOP VIEW) 


#1 STRB A £ 
#1 IN- fj 
#1 IN+ C 
VCC- C 
#2 IN+ C 
. #2 IN- C 
n2 STRB A C 


NC-No internal con 


tjt 
3 #1 STRB 
3 GND 
3 #1 OUT 
3 vCc + 
] #2 OUT 
3 NC 
1 
#2 STRB 


functional block diagram (each comparator) 


STROBE A 


STROBE B 


NONINVERTING 


INPUT IN+ 
L>n 


OUTPUT 


Copyright 
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TYPES TL506M, TL506C 
DUAL DIFFERENTIAL COMPARATORS WITH STROBES 


schematic (each comparator) 


STROBEO 
OSTROBE 


NONINVERTING 


INPUT 


INVERTING 


INPUT 


Vcc-O 


TOOTHER 


-+• COMPARATOR 


O Vcc+ 


TOOTHER 


COMPARATOR 


•O OUTPUT 


3J2 
£680fi 
OGND 


absolute maximum ratings over operating free-air temperature range (unless othewise noted) 


Supplyvoltage VfjC + <see Note 1' 
15V 
Supplyvoltage Vcc - 'see Note 1' 
-15V 
Differentialinput voltage (see Note 2) 
± 5 V 
Input voltage (any input, see Notes 1 and 3) 
± 7 V 
Strobe voltage range (see Note 1) 
0 V to Vcc + 
Output voltage (see Note 1) 
24 V 
Voltage from outputto Vcc - 
30 V 
Duration of output short-circuit (see Note 4) 
10s 
Continuous total dissipation at (or below) 25 °C free-air temperature (see Note 5): 
J package (TL506MJ) 
1375 mW 
J package (TL506CJ) 
•' 
1025 mW 
N package 
875 mW 
W package 
1000 mW 
Operating free-air temperature range: 
TL506M 
-55°C to 125°C 
TL506C 
0°C to 70°C 
Storage temperature range 
-65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J or W package 
300°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: Npackage 
260°C 


NOTES: 1. All voltage values, exceptdifferential voltages andthe voltage from theoutput to Vcc-. orewith respect to thonetwork ground terminal. 
2. Differential voltagos are at the noninverting input terminal withrespect to the inverting inputterminal. 
3. Thomagnitude of the inputvoltago must neverexceedtho magnitude of tho supply voltage or 7 V.whichovor is less. 
4. 
Ono output at a timo may bo shortod to ground or oithor power supply. 
5. Foroperation abovo 25°Cfree-air temperature, referto Dissipation Derating Curves. Section2. IntheJ package, TL506M chipsaroalloy mounted: 


TL506C chips are glass mounted. 
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TYPES TL506M, TL506C 
DUAL DIFFERENTIAL COMPARATORS WITH STROBES 


electrical characteristics at specified free-air temperature, Vcc+ 
= 12 V, VcC- 
= -3 V to -12 V 
(unless otherwise noted) 


PARAMETER 
TEST CONDITIONS' 
TL506M 
TLGOGC 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


VlO 
Input offsot voltage 
Soo Note 6 
25°C 
0.51 
2 
' 
> ; 
5 
mV 
Full rango 
3 
6.5 


aviO 


Average temperature 


coefficient of 


input offsot voltage 


See Note 6 
Full range 
3 
10 
5 
20 
mV/°C 


ho 
Input offsot curront 
See Note 6 


25"C 
0.7' 
3 
1.8' 
5 


„A 
MIN 
2 
7 
1 
7.5 


MAX 
0.4 
3 
0 
5 


"no 


Average temperature 


coefficient of input 


offset curront 


Soo Note 6 
MIN to 25°C 
15 
75 
24 
100 
nA/°C 
25°C to MAX 
5 
25 
15 
50 


'IB 
Input bias curront 
V0 = 0.5 V to 5 V 
25°C 
7* 
20 
Ii 
: 
25 
•A 
Full range 
45 
40 


'iLISI 
Low-level strobe curront 
Vis-robe) 
- 0.4 V 
Full range 
-1.7* 
-3.3 
-1.7' 
-3.3 
mA 


VIH(S) 
High-lovol strobo voltago 
Full rango 
2.5 
2.5 
V 


VILISI 
Low-level strobe voltago 
Full range 
0.9 
0.9 
V 


VlCR 
Common-modo input 


voltago rango 
Vcc - 
= - 7 V to - 12 V 
Full rango 
= 5 
±5 
V 


V|D 
Differenlial input 


voltage rango 
Full rango 
±5 
4 5 
V 


AVD 
Large-signal differential 


voltage amplification 


No load. 


V0 = 0.5 V to 5 V 
25°C 
40 000* 
40 000' 


V0H 
High-levol output voltago 
V,D 
5 mV, 
l0H = -400^A 
Full range 
2.5 
5.5 
2.5 
5.5 
V 


vol 
Low-level output voltage 


V|D - 
-5 mV. 
I0L = 100 mA 
25°C 
0.81 
1.5 
0.81 
2 


V 
V|p = -5 mV, l0L = 50 mA 
Full rango 
1 
1 


V|D = -5 mV, l0L = 16 mA 
Full rango 
0.4 
0.4 


'oh 
High-level output current 
V|D . 
5 mV, 


V0H = 8 V to 24 V 


25°C 
0.02* 
1 
0.02 : 
2 
«A 
Full rango 
100 
100 


'cc* 
Supply curront from Vcc ., V|D m -5 mV. 
See Note 7 
Full rango 
13.9* 
20 
13.9' 
20 
mA 


'cc- 
Supply curront from Vcc - 
See Note 7 
Full range 
3.2 = 
7.2 
3 : - 
7.2 
mA 


'Unlessotherwise noted, allcharacteristics aremoasurod withthostrobo open. Full rango IMIN to MAXI forTL506M is - 55°Cto 125°CandforthoTL506C 


is 0°C to 70 °C. 
'These typical values aroat Vcc + 
•" 12V,Vcc- • -6V, TA - 25°C. 
NOTES: 6. Thooffsot voltagesand offset currentsgivon are the maximum valuesrequired to drive tho output down to the lowrange (VqlI or up to tho 
high rango IVqh'- Thus these parameters actually define an error band and take into account the worst-case effects of voltage gain and input 
impedance 
7. Power supplycurrents aro measured with tho respective noninverting inputsand invertinginputs of both comparators connected in parallel. The 
outputs aro open. 


switching characteristics, Vcc + • 
12 V, Vcc- 
= -6 V, Ta 
= 
25°C 


PARAMETER 
TEST CONDITIONS' 
TL506M 
TL506C 
UNIT 
MIN 
TYP 
MAX 
Mir.1 
TYP 
MAX 


Response time, low-to-high-level output 


BL 
390 II lo 5 V, 


CL = 15 pF. 


See Note 8 


28 
40 
28 
ns 


NOTE 8: 
The rosponso time spocifiodis for a 100-mVinput stop with 5-mVoverdriveand is tho intervalbetween tho input stop function and tho instant 
when the output crosses 1.4 V. 
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TYPES TL506M, TL506C 
DUAL DIFFERENTIAL COMPARATORS WITH STROBES 


TYPICAL CHARACTERISTICS^ 


INPUT OFFSET CURRENT 
INPUT BIAS CURRENT 


VS 
FREE-AIR TEMPERATURE 
FREE-AIR TEMPERATURE 


3 


2.5 


VCC+ = 12V 
VCC- = -6 V 
vc 
N 
\ 
K! 


506C 


V 
\ 


TL5 DGM 


1.5 


0.5 


0 
-75 
-50 -25 
0 
25 
50 
75 
100 
125 


T/\—Free-Air Temperature— C 


FIGURE 1 


HIGH-LEVEL OUTPUT VOLTAGE 


vs 
FREE-AIR TEMPERATURE 


6 
- 


VCC+=12V 
Vcc- = -3 V to -12 V 


'OH 
= 0 


'OH = -4C OuA 


X 
I 
S 2 
> 


-75 -50 
-25 
0 
25 
50 
75 
100 
125 


T/\—Free-Air Temperature— C 


FIGURE 3 


\ 
vcc+ = 12V 
\ 
— VCC- - -6 V 
Vo = 0.5 V to 5 V 


> v 


I 
i 
\ 
TL506C 
\ 
\ \ 
\ 
TL506M Nv 


-75 
-50 -25 
0 
25 
50 
75 
100 
125 


T/\—Free-Air Temperature—°C 


FIGURE 2 


LOW-LEVEL OUTPUT VOLTAGE 


vs 


FREE-AIR TEMPERATURE 
1.2 


> 
0.£ 


O 
0.6 


5 
0.4 
o 


I 


O 
0.2 
> 


vcc 
vcc 


+ =12V 


_ =-3 Vto-12 V 
V|d - -t> mV 
I 
I 


•• 
— 
J- 
—- 
OL= 100 m 
I 
A 


lOL = 50 mA 


IOL= 16 m \ 


OL = 0 


-75 
-50 -25 
0 
25 
50 
75 
100 
125 
Ta—Free-Air Temperature—°C 


FIGURE 4 


§Data for temperatures below 0°C and abovo 70°C is applicable to TL506M circuits only. 
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TYPES TL506M, TL506C 
DUAL DIFFERENTIAL COMPARATORS WITH STROBES 


typical characteristics§ 


VOLTAGE TRANSFER CHARACTERISTICS 


-2-10 
1 


V|D—Differential Input Voltage—mV 


FIGURE 5 


LARGE-SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION 


vs 
FREE-AIR TEMPERATURE 


80 000 


60 000 


> 
40 000 


£ 
5 
20 000 


I 
Q 
> 
< 


Vcc- = -3 V to - 
Vo = 1 to 2 V 


12 V 


vcc I--12\rl =o° 
\. VCC+ =15 V 


V CC+ = 10V 


10 


1 


10-1 
t 1°-2 
I 10-3 


2 10-4 


10-5 


10-6 


10-7 


10-8 


10-9 


OUTPUT CURRENT 


vs 
DIFFERENTIAL INPUT VOLTAGE 


I 


-TA = 0°C 
III. 
Ta = 125°C 
TA =70°C-^y^i 


TA - 25°C- 
|^ Ta =125°C 


\\ta =70°C 


55°C LTa = 25°C 


vcc 
vcc 


•A 
- 


3 Vto-12 V 
WlA-l 


-5-4-3-2-1 
0 
1 
2 


V|D—Differential Input Voltage—mV 


FIGURE 6 


SHORT-CIRCUIT OUTPUT CURRENT 


vs 
FREE-AIR TEMPERATURE 


0.4 


I 03 
o 


3 
a 
2 
0.2 


0.1 


Vcc+ = 
- 
vCc- = 
v0 = 
-6 V 
12V 


/ 
V|D = -5mV 


See Note 9 
/ 


1 


-75 -50 
-25 
0 
25 
50 
75 .100 
125 


Ta—Free-Air Temperature— C 


FIGURE 7 


SData for temperatures below 0"C and abovo 70"C is applicable to TL506M circuits only. 
NOTE 9: This parameter was measured using a single 5ms pulse. 
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Ta—Free-Air Temperature—°C 


FIGURE 8 
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TYPES TL506M, TL506C 
DUAL DIFFERENTIAL COMPARATORS WITH STROBES 


TYPICAL CHARACTERISTICS§ 


OUTPUT RESPONSE FOR 


VARIOUS INPUT OVERDRIVES 


OUTPUT RESPONSE FOR 


VARIOUS INPUT OVERDRIVES 


F. o 
£ 
> 
0) 
— 
£ 
3 


| 
2 
h 


0 


100 m 


♦ 
VCC+=12V 
Vcc- = -6 V 
C|_ = 15 pF 
RL = 390S2to5 V 
. Ta = 25°C 


"\ \ 
\ l\ 
20 nV 


/ ,\ 
10 mV > 
u5 
mV \ 
2mV 


V w 
V 
I 


20 
40 
60 
80 
100 


t—Time—ns 


FIGURE 9 


SUPPLY CURRENT FROM Vcc. 


SUPPLYVOLTAGEVCC. 


SUPPLY CURRENT FROM VCC- 


SUPPLY VOLTAGE VCC- 


1,8 


vcc 
"L 
_--6V 


Ta- 25'C 
b IL 
> 
_ 
E 


Q 
- 
> 


-! 


> 


L-^T^-' c 


E 


- 
'~y\ 
y 
Ia- 25*C 


1 
*r 


.. %* 


- 


H , 


10 
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12 
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Vcc.-Pii'li" Supply Volujt-V 


7 
Vcc. -12 V 


•rfc 


/. 
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1 
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FIGURE 12 


*Data for temporatures below 0CC and above 70°C is applicable to TL506M circuits only. 
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FIGURE 10 
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LINEAR 
INTEGRATED 
CIRCUITS 


• 
Low Offset Characteristics 


High Differential Voltage Amplification 


Fast Response Times 


Output Compatible with Most TTL Circuits 


description 


The 
TL510 
monolithic 
high-speed 
voltage 
comparator is an improved version of the TL710 
with an extra stage added to increase voltage 
amplification and accuracy, and a strobe input 
for 
greater 
flexibility. 
Typical 
voltage 
amplification is 33,000. Since the ouput cannot 
be more positive than the strobe, a low-level 
input at the strobe will cause the output to go 
low 
regardless 
of 
the 
differential 
input. 
Component matching, inherent in integrated 
circuit 
fabrication 
techniques, 
produces 
a 
comparator 
with 
low-drift 
and 
low-offset 
characteristics. These circuits are particularly 
useful for applications requiring an amplitude 
discriminator, memory sense amplifier, or a high 
speed limit detector. 


The TL510M is characterized for operation over 
the full military temperature range of - 55 °C to 
125°C; 
the 
TL510C 
is 
characterized 
for 
operation from 0°C to 70°C. 


functional block diagram (positive logic) 


STROBE 
(10) 


NONINVERTING J3) 


INPUT IN+ 


INVERTING 
(4) 


INPUT IN 


TYPES TL510M, TL510C 
DIFFERENTIAL COMPARATORS WITH STROBE 


D991. MARCH 1971-REVISED NOVEMBER 1983 


JG OR P 


DUAL-IN-LINE PACKAGE 


(TOP VIEWI 
gndQi U 8DvCc + 
IN+C 2 
7 3 OUT 
IN- C 3 
6 3 STRB 
vcc-C^ 
L^nc 


TL510M . . . U FLAT PACKAGE 


(TOP VIEWI 


gndC 
IN+ C 
IN 
C 
NCC 
vcc- C 


2 
9 


3 
8 


4 
7 


5 
6 


Dnc 
Dnc 
DvCc + 
3 STRB 
J OUT 


TL510M . . . FH OR FK 


CHIP CARRIER PACKAGE 


ITOP VIEWI 


+ 


Q 
U 
U 
Z 
U 
U 
U 
zoz>z 


NC 


IN + 


NC 


IN- 


3 
2 
1 20 19 
]4 
]5 
]e 


nc ]b 


18[ 
"[ 
,6[ 
15[ STRB 
14[ NC 


9 
10 11 
12 13 
r—i r—i r—i r—i r—i 
O 
I o 
u 
o 


u 
> 


NC 
No internal connection 


NC 


OUT 


NC 
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CO 


TYPES TL510M, TL510C 
DIFFERENTIAL COMPARATORS WITH STROBE 


schematic 


NONINVERTING 


INPUT 


Resistor values shown aro nominal in ohms. 
Component values shown are nominal. 


Vcc+ 


vcc- 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage Vqc + (see Note 1) 
14 v 
Supply voltage Vcc - 'see Note 1> 
- 7 V 
Differential input voltage (see Note 2) 
±5 V 
Input voltage (either input, see Note 1) 
• 
±7 V 
Strobe voltage (see Note 1) 
6 v 
Peak output current (tw < 1 s) 
1° mA 
Continuous total powerdissipation at (or below) 70°Cfree-air temperature (see Note 3) .... 300 mW 
Operating free-air temperature range: TL510M Circuits 
-55°C to 125°C 
TL510C Circuits 
0°C to 70°C 
Storage temperature range 
-65°C to 150 C 
Lead temperature 1,6 mm (1/16 inch) from case for 60seconds: FH, FK, JG,orUpackage . . . 300°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: P package 
260°C 


NOTES: I. All voltagevalues,except differential voltages, are with respoctto the network ground terminal. 
2. Differential voltages are at the noninverting input terminal with respect to theinverting input terminal. 
3. For operation oftheTL510M above 70-C free-air temperature, refer to Dissipation Derating Curves. Section 2. In theJGpackage. TL510M 
chips are alloy mounted and TL510C chips are glass mounted. 
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TYPES TL510M, TL510C 
DIFFERENTIAL COMPARATORS WITH STROBE 


electrical characteristics at specified free-air temperature, Vcc + = 12 V, VcC- 
(unless otherwise noted) 


6 
V 


PARAMETER 
TEST CONDITIONS' 
TL510M 
TL510C 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


VlO 
Input offset voltage 
RS < 200 !!, 


See Note 4 


25°C 
0.6 
2 
1.6 
3.5 
mV 
Full range 
3 
4.5 


"VIO 


Average temperature 


coefficient of input 


offset voltage 


RS = 50 n. 


See Note 4 


MIN to 25°C 
3 
10 
3 
20 
„V/°C 


25°C to MAX 
3 
10 
3 
20 


•IO 
Input offset current 
See Note 4 


25 "C 
0.75 
3 
1.8 
5 


fiA 
MIN 
1.8 
7 
7.5 


MAX 
0.25 
3 


«IIO 


Average temperature 


coefficient of input 


offset current 


See Note 4 
MIN to 25°C 
15 
75 
24 
100 
nA/°C 
25 °C to MAX 
5 
25 
15 
50 


l|B 
Input bias current 
See Note 4 
25°C 
7 
15 
7 
20 
«A 
MIN 
12 
25 
9 
30 


'iHISI 
High-level strobe current 
v(strobe) = 5 V. 


V|D = -5 mV 
25 °C 
= 100 
±100 
kA 


"ILIS) 
Low-level strobe current 
V(strobe) - 
-100 mV, 
V)D = 5 mV 
25 °C 
-1 
-2.5 
-1 
-2.5 
mA 


V|CR 
Common-mode input 


voltage range 
VCC- 
= -7v 
Full range 
:5 
•5 
V 


V|D 
Differential input voltage 


range 
Full range 
±5 
= 5 
V 


AVD 
Large-signal differential 


voltage amplification 


No load. 
Vq = 0 to 2.5 V 


25 "C 
12.5 
33 
10 
33 
V/mV 
Full range 
10 
8 


V0H 
High-level output voltage 


V|fj 
= 5 mV. 


lOH • 
0 
Full range 
4* 
5 
4! 
5 


V 
V|D = 5 mV. 


Iqh = -5 mA 
Full range 
2.5 
3.6s 
2.5 
3.6* 


vol 
Low-level output voltage 


V|D = -5 mV. 


"OL = 0 
Full range 
-1 
-0.5* 
0* 
-1 
-0.5: 
0§ 
V 


V(strobe) • 0.3 V. 
V|D = 5 mV. 


'OL = 0 


Full range 
-1 
05 
-1 
05 
V 


'OL 
Low-level output current 
V|D = -5 mV. 
V0 = 0 


25 "C 
2 
2.4 
1.6 
2.4 


mA 
MIN 
1 
2.3 
0.5 
2.4 


MAX 
0.5 
2.3 
0.5 
2.4 


'o 
Output resistance 
V0 = 1.4 V 
25 °C 
200 
200 
f! 
M _ Common-mode rejection 


ratio 
RS =5 200 0 
Full range 
80 
100* 
70 
100* 
dB 
ice- Supply current from Vqq 4. 
V|d 
= -5 mV, 


No load 


Full range 
5.5: 
9 
5.5s 
9 
mA 
icc- Supply current from Vqq _ 
Full range 
-3.5* 
-7 
3 5: 
-7 
mA 


PD 
Total power dissipation 
Full range 
90: 
150 
90: 
150 
mW 


'Unless othorwiso noted, all characteristics are moasurod with the strobe opon. Fullrange IMINto MAXIfor TL510Mis -55°C to 125°C and for the TL510C 


Is 0°C to 70 °C. 
'Thosetypical values areat TA • 25°C. 
'The algebraic convention, where tho most-positivo (least negative) limit is designated as maximum, is used in this data sheet for logic lovols only, e.g., when 
0 V is the maximum, tho minimum limit is a more-nogativo voltage. 
NOTE 4: 
Those characteristics are verified by measurements at tho following temperaturos and output voltago levels: for TL510M. Vq = 1.8 V at 
TA = -55°C, V0 = 1.4 Vat TA = 25°C. and V0 = 1 V at TA = 125°C; for TL510C. V0 = 1.5 V at TA = 0°C. V0 = 1.4 Vat 25°C. 
and Vq • 1.2 V at TA • 70 "C. These output voltage levels whoro solocted to approximate the logic throshold voltages of tho types of digital 
logic circuits these comparators are intended to drive. 
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CO 


TYPES TL510M. TL510C 
DIFFERENTIAL COMPARATORS WITH STROBE 


switching characteristics, Vcc+ 
= 12 V, VcC- 
= -6 V, Ta = 25°C 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 
Response time 
\ 
- =e 
CL -- 5 pF. 
See Note 5 
30 
80 
ns 
Strobe release time 
RL = 
CL - 5 pF. 
See Note 6 
5 
25 
ns 


NOTES: 5. 
The response time specified is for a 100-mV input stop with 5-mV overdrive. 
6. 
For testing purposes, the input bias conditions are solocted to produce an output voltage of 1.4 V. A 5-mV overdrive is then addod to the input 
bias voltage to produce an output voltage that rises obovo 1.4 V.The time intervalis measured fromtho 50% point of the strobe voltage curvo 
to the point where the overdriven output voltage crosses the 1.4 V level. 


TYPICAL CHARACTERISTICS 


LARGE-SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION 


FREE-AIR TEMPERATURE 


vcc. 
vcc- 


12 V 
--6V 


f olo* 


•« 
T L',10 


• -75 -50 -2S 
0 
2S 
50 
75 
100 12S 
TA-F'M Air Tfmpftuul.-' C 


OUTPUT VOLTAGE LEVELS 


FREE-AIR TEMPERATURE 
IIMK 
Vnu IVlD " 5 r"v-'OH• <» 


I 


vcc 
VCC 
.-12V 


1 
f. 
> 


0 


• 
I LB1W 
• 


-8it /. 10 
VOL 1' 
-75-50-25 
0 
25 
50 
75 
10O 
125 
TA-Frt«-Air T»mp»f*lur»- C 


LAREG SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION 


SUPPLY VOLTAGE 


V0-Ol 
2.5 \ 


TA - 25*C 
Vcc-- -7V 
/ 
y 
VCC---SVJ, /' 


vcc---sv 


/* 
^ ft 


Vcc-Po"'i»« Supply VolMe>-V 


LOW LEVEL OUTPUT CURRENT 


FREE AIR TEMPERATURE 


< 
E 
2.45 


VCC< - 12 V 
Vcc---«V 


VO •0 


/ 
Y" 


«-T L51C 


-75 -50 
-25 
0 
25 
50 
75 
100 
125 
T^-Pm-Air Ttmperaturt— C 
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TYPES TL510M, TL510C 
DIFFERENTIAL COMPARATORS WITH STROBE 


typical characteristics 


TL510M 
VOLTAGE TRANSFER CHARACTERISTICS 


4 
- 


VCC+ 
vcc- 


i 
= 12V 


. = -6V 


No load 
| K 
Ta = -55°C—* 
•^ta 


TA = 1 


=25°C 


25°C 


!i 
t 


> 
I 
si 
•} 


> 
a 
2 
I' 
> 


o 


-1-3-2-1 
0 
1 
2 
V|D-Differential Input Voltage-mV 


14 


12 


c 
10 


INPUT BIAS CURRENT 


vs 
FREE-AIR TEMPERATURE 


| 
VCC+ = 12 V 
Vcc-=-6 V 
See Note I 


*— T L510(:-* 


-75 -50 -25 
0 
25 
50 
75 
100 
125 
Ta~Free-Air Temperature— C 


TL510C 


VOLTAGE TRANSFER CHARACTERISTICS 


X 
2 


Ta =0°C-\^ *-T« 
= 25°C 
= 70°C 


vCc+ = 
I 
Vrr 
= 
12V 
-G V 


F 


i\ 
s = 5on 


o load 


O 
> 


-1-3-2-10 
1 
2 
V|D-Differential Input Voltage-mV 


COMMON-MODE REJECTION RATIO 


vs 
FREE-AIR TEMPERATURE 


115 
CO 
7 
I 110 
cc 


c 
o|105 


0) 
DC 
| 
100 
0 
5 


c 
I 
95 
E 
o 
<ftt 
90 


n 
2 
o 
85 


i 
VCC+ 
vcc- 


i 
= 12 V 


= -6V 


1\ 


1 
'ic- 
*S< >oo n 


\ 


4—T L510( 


-75 -50 -25 
0 
25 
50 
75 
100 
125 
Ta—Free-AirTemperature—°C 


CO 


CO 
1_ 
CO 
Q. 
E 
o 
O 
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D) 
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TYPES TL510M, TL510C 
DIFFERENTIAL COMPARATORS WITH STROBE 


TYPICAL CHARACTERISTICS 


s 
> 


S- 
1 


T 
0 
o 
> -1 


c 
Si. 
o 
? 
E 
~ 


o 
> 
u 
«\\ 
> 
- 


$ 


OUTPUT RESPONSE FOR 
VARIOUS INPUT OVERDRIVES 


! 
-100 
i 


mV- 
VCC+ = 12 V 
VCC- " -6 V 
-CL-5pF 
. 
RL=~ 
-ta = Zb 
i 


20 mV-, 


10mV-> Vt A-2mV 
in 
--5mV 
////1; 


0 
20 
40 
60 
80 
100 
120 140 
t—Time—ns 


COMMON-MODE PULSE RESPONSE 


r~ 
\ 


J 
. 


50 a _fv 
V CC+ = 12 V 


so rl> 


V 


N 
CC- = -6 V 


T A= 25°C 


V|C 


" 1 


40 
80 


t—Time—ns 
120 
160 


> 
a 
1 


p-1 


110 


100 


S 
90 


I 
80 


n 
70 


60 


50 


STROBE RELEASE TIME 
FOR VARIOUS INPUT OVERDRIVES 


* 
VCC+ = 12 V 


/ 
Vcc- = -6 V 
J 
RL = cc 
TA= 25°C 


2 mV to 5 mV 


~*~ 


—A / 
OmV 


= 
r 
m\ 
4 


5 
10 
15 
20 
25 
30 
35 140 
t—Time—ns 


TOTAL POWER DISSIPATION 


vs 
FREE-AIR TEMPERATURE 


I 
I 
VCC+ = 12 V 
Vcc- = -6 V 
V|[ 
No 
, = br 


oad 


nV 


«—T L510C:-*' 


-75 -50 
-25 
0 
25 
50 
75 
100 
125 
Ta—Free-Air Temperature—°C 
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LINEAR 
INTEGRATED 
CIRCUITS 


TYPES TL514M. TL514C 
DUAL DIFFERENTIAL COMPARATORS WITH STROBES 


• 
Fast Response Times 


• 
High Differential Voltage Amplification 


• 
Low Offset Characteristics 


• 
Outputs Compatible with Most TTL 
Circuits 


description 


The TL514 is an improved version of the TL720 
dual 
high-speed 
voltage 
comparator. 
When 
compared with the TL720, these circuits feature 
higher amplification (typically 33,000) due to an 
extra amplification stage, increased accuracy 
because of lower offset characteristics, and 
greater flexibility with the addition of a strobe 
to each comparator. Since the output cannot be 
more positive than the strobe, a low-level input 
at the strobe will cause the output to go low 
regardless of the differential input. 


These 
circuits 
are 
especially 
useful 
in 
applications requiring an amplitude discriminator,' 
memory sense amplifier, or a high-speed limit 
detector. 
The 
TL514M 
is 
characterized 
for 
operation over the full military temperature range 
of 
-55°C 
to 
125°C, 
the 
TL514C 
is 
characterized for operation from 0°C to 70 °C. 


symbol (each comparator) 


NONINVERTING 


INPUT IN+ 


INVERTING 


INPUT IN- 


D999. OCTOBER 1977-REVISED OCTOBER 1983 


AMPLIFIER 
9 


#2 


TL514M 


TL514C 


. . . J OR W PACKAGE 


. . . J OR N PACKAGE 


ITOP VIEWI 


% 
oi no y< 
I vcc+ C3 
NCC" 
f 
IN+ C5 
AMPLIFIER J 
|N_C6 


OUTQi Uuh Vcc- 
strbO 
13 Din- 
12H IN+ 
n Dgnd 
10DVCC+ 
9 3 STRB 
8 3 out 
tvcc 


TL514M 


FH OR FK CHIP CARRIER 


(TOP VIEW) 


rx 
fc- 
I 1 
1-3 
11-3. 


L-l I—I L_l L_J I—I 
3 
2 
1 20 19 
18 [ IN 


AMPLIFIER 
#1 


AMPLIFIER 
#2 


1 vcc + ]" 
NC ]s 
NC ]6 
NC ] 7 
2 IN + ] 8 


I7[ 
,6[ 
NC 


GND 
15[ NC 
1"[ 2 VCC + 


9 
10 11 12 13 
r—1 r—1 r—1 r—11—1 


o 
fc 


NC-No internal connection 
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TYPES TL514M, TL514C 
DUAL DIFFERENTIAL COMPARATORS WITH STROBES 


schematic (each comparator) 


NONINVERTING 


INPUT IN+ 


INVERTING 
INPUTIN- 


Resistor values shown are nominal 
Component values shown are nom 


vCc+ 


vcc- 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage Vcc + 'see Note 1) 
14V 
Supply voltage Vcc - 
<see Note 1) 
- 7 V 
Differential input voltage (see Note 2) 
± 5 V 
Input voltage (any input, see Note 1) 
±7V 
Strobe voltage (see Note 1) 
6 V 
Peak output current (tw ^ 1 s) 
10 mA 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 3): 
each comparator 
300 mW 
total package 
600 mW 
Operating free-air temperature range: 
TL514M Circuits 
-55°C to 125°C 
TL514C Circuits 
0°C to 70°C 
Storage temperature range 
-65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: FH, FK, J, or W package . . . 300°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N package 
260°C 


NOTES: 1. All voltago values, except differential voltages, are with rospoct 10 the network ground torminal. 
2. Differential voltages aro at tho noninverting input torminal with respect to the invorting input terminal. 
3. 
For operationabove 25°C froo-air temperature,referto Dissipation Derating Curves.Section2. Inthe J package.TL514M chipsare alloymounted 
and TL514C chips are glass mounted. 
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TYPES TL514M, TL514C 
DUAL DIFFERENTIAL COMPARATORS WITH STROBES 


electrical characteristics at specified free-air temperature, Vcc+ 
= 12 V, VcC- 
= -6 V 


PARAMETER 
TEST CONDITIONS' 
TL514M 
TL514C 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


V|0 
Input offsot voltago 
Rs s 200 1!. 


See Nate 4 


25' C 
0.6 
2 
1.6 
3.5 
mV 
Full range 
3 
4.5 


"VIO 
Average temperature coefficient 


of input offset voltage 


Rs = 50 II. 


See Note 4 


MIN to 25°C 
3 
10 
3 
:c 
(iV/°C 
25°C to MAX 
3 
l 
3 
:- 


l|0 
Input offsot current 
See Noto 4 


25° 
0.75 
3 
1.8 
5 


«A 
MIN 
1.8 
7 
7.5 


MAX 
0.25 
3 
7 5 


"HO 
Average temperature coefficient 


of input offset current 
See Note 4 
MIN to 25°C 
15 
7b 
74 
100 
nA/°C 
25 °C to MAX 
5 
25 
15 
50 


l|8 
Input bias current 
Soo Note 4 
25"C 
7 
15 
7 
20 
•A 
MIN 
12 
25 
9 
30 


'IL(S) 
High-level strobo current 
Vlst.obnl - 5 V. 
VID * -SmV 
25°C 
±100 
±100 
„A 


'lH(S) 
Low-levol strobe current 
V(strobe) • 
-lOOmV. 


V,D 
5 mV 
25°C 
- 
1 
-2.5 
1 
-2.5 
mA 


V|CR 
Common-mode input 


voltago range 
VCC- " -7V. 
Full range 
±5 
±5 
V 


V|D 
Differential input voltage range 
Full range 
±5 
±5 
V 


AvD 
Large-signal differential 


voltago amplification 


No load. 


V0 = 0 to 2.5 V 


25 °C 
12.5 
33 
1C 
33 
V/mV 
Full range 
10 
8 


VOH 
High-lovol outpul voltage 


V,D 
5 mV. 


'OH • 0 
Full rango 
45 
5 
45 
5 


V 
V|D 
5 mV, 


l0H 
5 mA 
Full range 
2.5 
3.6* 
2.5 
3.65 


vol 
Low-lovel output voltago 


V|D 
5 mV. 


'OL - 0 
Full range 
-1 
0.5* 
O1 
-1 
-0.5* 
0: 
V 


V(strobo) • 0-3 V. 
V,D 
5 mV. 


'OL = 0 


Full range 
- 
1 
0' 
-1 
0! 
V 


'OL 
Low-level output current 
V|D • -6 mV, 


V0 . 0 


25°C 
2 
2.4 
• 
•: 
2.4 


mA 
MIN 
1 
2.3 
0.5 
2.4 


MAX 
0.5 
2.3 
0.5 
2.4 


r„ 
Output resistance 
V0 - 
1.4 V 
25°C 
200 
200 
1! 


CMRR 
Common-mode rejection ratio 
Rs a 200 i) 
Full range 
BO 
1005 
70 
ioo'J 
dB 


ice. 
Supply current from Vcq * ' 
V|D = - 5 mV. 


No load 


Full range 
5.5« 
9 
5.55 
9 
mA 


•cc- 
Supply curront from Vqq 
' 
Full range 
-3.55 
7 
-3.5» 
-7 
mA 


PD 
Total power dissipation" 
Full range 
905 
150 
90* 
150 
mW 


' Unless othcrwlso noted, all characteristics aremeasured withthestrobo opon. Full range IMIN toMAXI forTL514M is - 55°Cto 125°CandfortheTL514C 
is 0°C to 70 °C. 
s Thealgebraic convention wherethe most-positive lleastnegativellimit isdesignated as maximum, is usedinthisdata sheet forlogic levelsonly.e.g.. whon 
0 V is the maximum, the minimum limit is a more-negative voltago. 
'These typical values are at TA • 25 °C. 
'Supply curront and power dissipation limits apply for each comparator. 
NOTE 4: 
These characteristics aro vorifiod by moasuromonts at tho following temperatures and output voltage lovols: for TL514M. Vq = 1.8 V at 
TA • -55°C, Vq = 1.4 V at TA = 25°C, and V0 = 1 Vat TA = 125°C; for TL514C. V0 = 1.5 V at TA = 0°C. Vq • 1.4 V at 25°C. 
and Vq • 1.2 V at TA • 70°C. These outpul voltage levels wore selected to approximate the logic threshold voltages of the types of digital 
logic circuits these comparators are intended to drive. 
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TYPES TL514M, TL514C 
DUAL DIFFERENTIAL COMPARATORS WITH STROBES 


switching characteristics, Vcc+ 
= 12 V, VCC- 
- 
-6V. TA == 25°C 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


Response timo 
RL . 
=c 
CL = 5 pF. 
See Note 5 
30 
80 
ns 


Strobe release time 
Rl 
CL = 5 pF. 
:••.-. 
'.. : 
• 
5 
2 5 
ns 


5. 
The response time specified is for a 100-mV input stop with 5 mV overdrive. 
6. 
For testing purposos, the input bias conditions are selected to produce an output voltage of 1.4 V. A 5-mV overdrive is then added to the input 
bias voltage to produce an outputvoltagethat risosabove1.4 V.Thetimeinterval is measured fromthe 50% pointof the strobevoltagecurve 
to tho point where the ovordriven output voltage crosses the 1.4 V lovel. 


TYPICAL CHARACTERISTICS 


LARGE-SIGNAL DIFFERENTIAL 


• 
VOLTAGE AMPLIFICATION 


FREE-AIR TEMPERATURE 


60 


50 


^ 
40 
E 
< 
I 30 


.2 
20 


5 
10 
I 
Q 
> 
< 
o 


VCC+=12V 
VCC- = -6 V 
Vo- 
Noload 


«— T L514 


i 


\ 


-75 -50 -25 
0 
25 
50 
75 
100 
125 
Ta—Free-Air Temperature— C 


FIGURE 1 


80 


70 


3 
60 


LARGE-SIGNAL DIFFERENTIAL 
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TYPES TL514M. TL514C 
DUAL DIFFERENTIAL COMPARATORS WITH STROBES 


TYPICAL CHARACTERISTICS 
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FIGURE 3 
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vs 
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TL514M 
VOLTAGE TRANSFER CHARACTERISTICS 
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FIGURE 5 
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FIGURE 4 
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VOLTAGE TRANSFER CHARACTERISTICS 
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TYPES TL514M, TL514C 
DUAL DIFFERENTIAL COMPARATORS WITH STROBES 


TYPICAL CHARACTERISTICS 
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FIGURES 


COMMON-MODE REJECTION RATIO 


vs 
FREE-AIR TEMPERATURE 
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FIGURE 10 


NOTE 4- 
These characteristics aro verified by measurements at the following temperatures and output voltage levels: for TL514M, Vq = 1.8 V ai 
TA = -55°C. V0 - 1.4Vat TA = 25°C. and V0 = 1Vat TA = 125°C; for TL514C. V0 - 1.5Vat TA = 0°C.V0 • 1.4Vat 25°C. 
and Vq = 1.2Vat TA • 70°C. These output voltage levels were selected toapproximate thelogic threshold voltages ofthetypes ofdigital 
logic cirucits thoso comparators are intended to drive. 
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TYPES TL514M, TL514C 
DUAL DIFFERENTIAL COMPARATORS WITH STROBES 


TYPICAL CHARACTERISTICS 


COMMON-MODE PULSE RESPONSE 
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H 


Voltage Comparators 


LINEAR 
INTEGRATED 
CIRCUITS 


Fast Response Times 


Low Offset Characteristics 


Output Compatible with Most TTL Circuits 


description 


The TL710 is a monolithic high-speed comparator 
having differential inputs and a low-impedance output. 
Component matching, inherent in silicon integrated 
circuit fabrication techniques, produces a comparator 


with a low-drift and low-offset characteristics. These 
circuits are especially useful for applications requiring 
an amplitude discriminator, memory sense amplifier, 
or a high-speed voltage comparator. The TL710M is 
characterized for 
operation over the full military 
temperature range of -55°Cto 125°C; theTL710C 
is characterized for operation from 0°C to 70°C. 


schematic 


NONINVERTING 
INPUT 
INVERTING 
INPUT 


Component values shown are nominal. 


vcc- 


TYPES TL710M, TL710C 
DIFFERENTIAL COMPARATORS 


D2229, FEBRUARY 1971-REVISED AUGUST 1983 


J OR N DUAL-IN-LINE PACKAGE 


(TOP VIEWI 


NC Ql Unf 
GND C2 
IN+ C 3 
IN- C 
NC C 
VCC- L 
NC C 


3 NC 
3 NC 
3 NC 
3 vcc + 
10 ] NC 
9D OUT 
a T.NC 


JG OR P DUAL-IN-LINE PACKAGE 


(TOP VIEW) 


gndDi U8pvCc + 
IN+ C2 
1 3 OUT 
IN- £3 
6 DNC 
vcc- C« 
s Dnc 


U FLAT PACKAGE 


(TOP VIEW) 


GNDC»1 
10 1 NC 


2 
9 


3 
8 


4 
7 


5 
6 


IN+ C 
IN- L 
NCC 
vcc- II 


Unc 
Dvcc + 
3 NC 
]OUT 


NC—No internal connection 


symbol 


NONINVERTING 
INPUT IN+ 
" 


INVERTING 
INPUT IN- ~ 
>~ 


V> 


CO 
lia 
CO 
Q. 
E 
o 
o 


03 
O) 
CO 
OUTPUT 
•£; 
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TYPES TL710M, TL710C 
DIFFERENTIAL COMPARATORS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


TL710M 
TL710C 
UNIT 


Supply voltage Vcc + Isee Note 1) 
14 
14 


Supply voltago V^c - 'see Note " 
-7 
-7 


Differential input voltage (see Note 2) 
±5 
±5 


Input voltage (either input, see Note 11 
= 7 
±7 
V 


Peak output current (tyv s UI 
10 
10 
mA 


Continuous total power dissipation 
at (or below) 70°C free-air temperature (see Note 31 
300 
300 
mW 


Operating free-air temperature range 
-55 to 125 
0 to 70 


Storage temperature range 
-65 to 150 
-65 to 150 


Lead temperature 1.6 mm (1/16 inch) from case for 60 seconds 
J, JG or U package 
300 
300 


Lead temperature 1.6 mm (1/16 inch) from case for 10 seconds 
N or P package 


NOTES: 1. All voltage values, exceptdifferential voltages, are with respect to the network ground terminal. 
2. Differential voltagesare at the noninverting inputterminal withrespect to the inverting input terminal. 
3. For operation ofthe TL710M abovo 70°C free-air temperature, refer toDissipation Derating Curves. Section 2.In the Jand JG packages. TL710M 
chips are alloy-mounted; TL710Cchips are glass-mounted. 


electrical characteristicsat specified free-air temperature, Vcc + = 12 V. Vcc- = -6V 


PARAMETER 
TEST CONDITIONS' 
TL710M 
TL710C 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


V|0 
Input offset voltage 
RS s 200 U. 
See Note 4 
25°C 
2 
5 
2 
7.5 
mV 
^^^_ 
Full range 
6 
10 
D 
avio 


Average temperature 


coefficient of input 


offset voltage 
Rg s 200 0. 
See Note 4 
Full range 
5 
7.5 
MV/°C 


ho 
Input offset current 
Soo Note 4 
25°C 
1 
10 
1 
15 
«A 
< 
o 
Full range 
20 
25 


'IB 
Input bias current 
See Note 4 
25°C 
25 
75 
25 
100 
mA 
0) 
Full range 
150 
150 


CQ 
CD 
V|CR 
Common-mode 


input voltage range 
VCC • -7V 
25°C 
i5 
i5 
V 


O 
o 
V|D 
Differential input 


voltage range 
25 °C 
3:5 
±5 
V 


3 
•o 
Avd 
Large-signal differential 
voltage amplification 
No load, 
See Note 4 
25 °C 
750 
v/v 
Full range 
500 
500 


03 


0) 


o 


VOH 
High-level output voltage 
V|D = 15 mV, 
Ioh • -°-5 mA 
25°C 
2.5 
3.2 
4 
2.5 
3.2 


vol 
Low-level output voltage 
V|D - 
-15 mV, l0L = 0 
25°C 
- 
1 
-0.5 
0s 
- 
1 
-0.5 
0: 
V 


'OL 
Low-level output current 
V|D - -15mV.V0 - 0 
25 °C 
1.6 
2.5 


1) 
GO 


CMRR 
Common-mode 


rejection ratio 
RS S 200 0 
25 °C 
70 
90 
65 
90 
dB 


Supply current from Vcc + 
V|D = - 5 V to 5 V 


( - 10 mV for typ) 


No load 


25°C 
5.4 
10.1 


Supply current from Vcc - 
25°C 
-3.8 
-8.9 
-3.8 
mA 


PD 
Total power dissipation 
25 °C 
88 
175 
88 


NOTE 4-These characterlstkis are verified by measurementsatthe blowing temperatures andoutput vcJtage 
• 1.8VatTA 
-55 C. 
Vn- 1.4VatTA =25°C.andV0 =1VatTA = 125°C: for TL710C. V0 =1.5 VatTA =0°C. V0 - 1-4VatTA - 25°C.andV0 = 1.2 V 
at TA =70"C. These output voltage levels were selected to approximate the logic threshold voltages of the types of digital logic circuits these 


comparators are intended to drive. 
'Fullrango forTL710M is -55°C to 125°CandforTL710C is 0°C to 70°C. 
!The algebraic convention where the most-positive (least-negative! limit Is designated asmaximum Is usod in this data sheet for logic levels only, 
e.g.. when 0 V is tho maximum,the minimum limit is a more-negativevoltago. 


4-60 
Texas 
Instruments 
POST OFFICE BOX225012 • DALLAS.TEXAS 75265 


switching characteristics, Vcc+ 
= 12 V, Vcc 


TYPES TL710M, TL710C 
DIFFERENTIAL COMPARATORS 


6 V, Ta = 25°C 


PARAMETER 
TEST CONDITIONS 
TL710M 
TL710C 
UNIT 
TYP 
TYP 


Response time 
No load. See Note 5 
40 
40 
ns 


NOTE5: The response time specified is for a 100-mV input step with 5-mV overdrive and is the interval botwoen tho input step function ond the instant 
when the output crosses 1.4 V. 


•••^•••^^^••••"^^"^—••••••"^^^•••••MMiliMBMMaMMMBHBMBaM^^MMMBMBMUBBMiMMBBaaMBeMiBBBBBBBBBB 


TYPICAL CHARACTERISTICS 
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TL710M 
VOLTAGE TRANSFER CHARACTERISTICS 
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FIGURE 1 
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TL710C 
VOLTAGE TRANSFER CHARACTERISTICS 
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TYPES TL710M, TL710C 
DIFFERENTIAL COMPARATORS 


TYPICAL CHARACTERISTICS 


OUTPUT VOLTAGE 


vs 
FREE-AIR TEMPERATURE 
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TOTAL POWER DISSIPATION 


vs 
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V|D = 0 
6V 


Nol sad 


•—T L710 
^ 
o 
> 


-1 


Q 


BS 


80 
_75 _50 -25 
0 
25 
50 
75 
100 
125 


Ta—Free-Air Temperature— C 


FIGURE 4 
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FIGURE 5 
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FIGURE 7 
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LINEAR 
CIRCUITS 


Operates from a Single 5-V Supply 


0 to 5 V Common-Mode Input Voltage Range 


Self-Biased Inputs 


Complementary 3-State Outputs 


Enable Capability 


5-mV Typical Hysteresis 


25-ns Typical Response Times 


description 


TYPE TL712 
DIFFERENTIAL COMPARATOR 


D2741, JUNE 1983 


JG OR P DUAL-IN-LINE PACKAGE 


(TOP VIEW) 
nc dTTJTpVCC 
IN+ £ 2 
7 ] OUT* 
IN- £ 3 
6 ] OUT- 
OE Q 4 
5 ] GND 


NC 
No Internal connection 


The TL712 is a single high-speed voltage comparator fabricated with bipolar Schottky process technology. The circuit 
has differential analog inputs and complementary 3-state TTL-compatible logic outputs with symmetrical switching 
characteristics. When the output enable, OE, is low. both outputs are in the high-impedance state. This device operates 
from a singe 5-V supply and is useful as a disk memory read-chain data comparator. 


The TL712 is characterized for operation from 0°C to 70 °C. 


functional block diagram 


OUT+ 


:>-i^OUY 


Copyright 
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Voltage Comparators 


LINEAR 
INTEGRATED 
CIRCUITS 


Operates From a Single -5.2-V Power 
Supply 


Self-Biased Inputs 


Common-Mode Input Voltage Range 
Oto -5.2V 


MECL III and MECL 10 000 Compatible 


Complementary ECL-Compatible Outputs 


Hysteresis ... 5 mV Typ 


Response Times . . . 10 ns Typ 


description 


The TL721 
is 
a 
single 
high-speed 
voltage 
comparator fabricated with bipolar Schottky1" 
process technology. The circuit has differential 
analog 
inputs 
and 
complementary 
ECL- 
compatible 
logic 
outputs 
with 
symmetrical 
switching characteristics. The device operates 
from a single - 5.2-volt supply and is useful as 
a disk memory read-chain data comparator. 


The TL721 is characterized for operation from 
0°C to 70°C. 


symbol 


TYPE TL721 
DIFFERENTIAL COMPARATOR 


D2781. FEBRUARY 1984 


JG OR P DUAL-IN-LINE PACKAGE 


(TOP VIEW) 
NCHl U 8QGND 
IN-C 2 
7 HOUT- 
IN+Q3 
6 DOUT+ 
NCC4 
5 Dvee 


NC —No internal connection 


INVERTING 
INPUTIN- 


NONINVERTING 
INPUT IN+ 


INVERTING 
OUTPUT OUT- 


. NONINVERTING 
OUTPUT OUT+ 


Integrated Schotlky-Bamor diodo-clamped transistor is patonted by Texas Instruments. U.S. Patent Number 3.463,975. 


Copyright © 1984 by Texas Instruments Incorporated 
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TYPE TL721 
DIFFERENTIAL COMPARATOR 


electrical characteristics at Ta = 25 °C, Vee 
- 
-5.2 V 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 
Vf 
Threshold voltage |Vj+ and Vy-I 
VIC = V|CR min 
-100' 
100 
mV 
Vj + - Vj - 
Hysteresis 
5 
10 
mV 


Vqh 
High-level output voltage 
V|D = 100 mV. 


RL = 50 !J to - 2 V 
-0.96' 
-0.81 
V 


Vql 
Low-level output voltage 
V|Q = -100 mV. 
RL = 50 Q to - 2 V 
-1.85' 
-1.65 
V 


V|fjR 
Common-mode input voltage range 


0 


to 


-5.2 


V 


rjn 
Input resistance 
4 
kQ 
Ie E 
Supply current 
V|d = 0. 
No load 
13 
-17 
mA 


'The algebraicconvention,whorethe more-negative limitis designatedas minimum, is used Inthisdata sheet forinputthresholdand output voltagelevelsonly. 


switching characteristics at Ta = 25 °C, Vee = -5.2 V 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


'PLH 
Propagation delay time, low-to-high-level output 
iV|o = 
- 200 mV to - 200 mV or 


- 200 mV to + 200 mV. 
RL = 50 Oto -2 V 


12 
ns 


'PHL 
Propagation delay time, high-to-low-level output 
12 
ns 
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LINEAR 
INTEGRATED 
CIRCUITS 


a 
Low Offset Characteristics 


High Differential Voltage Amplification 


Fast Response Times 


Output Compatible with Most TTL Circuits 


description 


TheTL810isan improved version of the TL710 high 
speed voltage comparator with an extra stage added 
to increase voltage amplification and accuracy. Typical 
amplification 
is 
33,000. 
Component 
matching, 
inherent in monolithic integrated circuit fabrication 
techniques, produces a comparator with low-drift and 
low-offset 
characteristics. 
These 
circuits 
are 
particularly 
useful 
for 
applications 
requiring 
an 
amplitude discriminator, memory sense amplifier, or 
a high-speed limit detector. 


The TL810M is characterized for operation over the 
full military temperature range of - 55 °C to 125 °C; 
the TL810C is characterized for operation from 0°C 


to 70 °C. 


symbol 


NONINVERTING 
INPUT IN+ 


Texas 
Instruments 


TYPES TL810M, TL810C 
DIFFERENTIAL COMPARATORS 


D993, MARCH 1971-REVISED AUGUST 1983 


TL810M 
JG PACKAGE 


TL810C . . . JG OR P PACKAGE 


(TOP VIEWI 


GND £ 1 Us • vcc + 
IN 1 £ 2 
7 3 OUT 
IN- £ 3 
6 ] NC 
vcc- L i 
5 3 NC 


TL810M . 
. U PACKAGE 


(TOP VIEW) 


gndC 01 
10 ] NC 
IN+ C 2 
9 3 NC 
IN— C 3 
8 3 vcc + 
NCQ -•• 
7 3 STRB 
vcc-C 
6 3 OUT 


NC-No intornal connection 


</> 
»- 
O 


s 
CO 
a 
E 
o 
o 


CD 
D) 
CO 


o 
> 
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C/> 


TYPES TL810M, TL810C 
DIFFERENTIAL COMPARATORS 


schematic 


NONINVERTING 


INPUT 


INVERTING 


INPUT 


Resistor values shown are nominal in ohms. 


VCC+ 


VCC- 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage Vqc + 'see Note 11 
14 V 
Supply voltage Vcc - 'see Note D 
- 7 V 
Differential input voltage (see Note 2) 
± 5 V 
Input voltage (either input, see Note 1) 
±7V 
Peak output current (tw s 1 s) 
10 mA 
Continuous total power dissipationat (or below) 70°C free-air temperature (see Note 3) 
300 mW 
Operating free-air temperature range: TL810M Circuits 
-55°C to 125°C 
TL810C Circuits 
0°C to 70°C 
Storage temperature range 
-65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG or U package 
300°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: P package 
260°C 


NOTES: 1. All voltage values, except differential voltages, are with respect to the network ground terminal. 
2. Differential voltages arc at tho noninverting input torminal with respect to the inverting input terminal. 
3. Foroperation ofthe TL810M above70°C free-air temperature, referto dissipation Derating Curves.Section2. Inthe JGpackage.TL810M chips 


aro alloy-mounted: TL810C chips are glass-mounted. 
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TYPES TL810M, TL810C 
DIFFERENTIAL COMPARATORS 


electrical characteristics at specified free-air temperature, Vcc + = 12 V, VcC- • 
(unless otherwise noted) 
-6 V 


PARAMETER 
TEST CONDITIONS' 
TL810M 
TL810C 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


V|0 
Input offset voltage 
RS <. 200 a, 


See Note 4 


25°C 
0.6 
2 
1.6 
3.5 
mV 
Full range 
3 
4.5 


OVIO 


Average temperature 


coefficient of input 
offset voltage 


RS = 50 0, 


See Note 4 


MIN to 25 °C 
3 
10 
3 
20 
^V/°C 
25 °C to MAX 
3 
10 
3 
20 


l|0 
Input offset current 
See Note 4 


25 °C 
0.75 
3 
1.8 
5 


MA 
MIN 
1.8 
7 
7.5 


MAX 
0.25 
3 
7.5 


<*IIO 


Average temperature 


coefficient of input 


offset current 


See Note 4 
MIN to 25°C 
15 
75 
24 
100 
nA/°C 
25 °C to MAX 
5 
25 
15 
50 


'IB 
Input bias current 
See Note 4 
25°C 
7 
15 
; 
20 
„A 
MIN 
12 
25 
9 
30 


VlCR 
Common-mode 


input voltage range 
VCC- = -7V 
Full range 
±5 
±5 
V 


AVD 
Large-signal differential 
voltage amplification 


No load. 
V0 = 0 to 2.5 V 


25°C 
12.5 
33 
10 
33 
V/mV 
Full range 
10 
8 


V0H 
High-level output voltage 


V|D = 5 mV, 


lOH = 0 
Full range 
45 
5 
45 
5 


V 
V|D = 5 mV. 


'OH = ~5 mA 
Full range 
2.5 
3.6§ 
2.5 
3.65 


vol 
Low-level output voltage 
V|D = -5 mV. 


I0L = 0 
Full range 
-1 
-0.55 
0: 
-1 
-0.55 
0* 
V 


'OL 
Low-level output current 
V|D = -5 mV. 
v0 = o 


25°C 
2 
2.4 
1.6 
2.4 


mA 
Ml,'J 
1 
2.3 
0.5 
2.4 


MAX 
0.5 
2.3 
0.5 
2.4 


'o 
Output resistance 
V0 = 1-4 V 
25°C 
200 
200 
n 


CMRR 
Common-mode rejection ratio 
RS s 
200fl 
Full range 
80 
1005 
70 
1005 
dB 


'cc+ 
Supply current from Vrjc + 
V|D = -5 mV, 


No load 


Full range 
5.55 
9 
5.55 
9 
mA 


>CC- 
Supply current from Vcc- 
Full range 
-3.55 
-7 
-3.55 
-7 
mA 


pd 
Total power dissipation 
Full range 
905 
150 
90§ 
150 
mW 


'Full rango IMINto MAX)for TL810M is -55°C to 125°C ond for tho TL810C is 0°C to 70°C 
!The algebraicconvention, where the most-positiveHeast-negativel limit is designatedas maximum,is used inthis data shoot forlogiclevelsonly. e.g.. when 
0 V is tho maximum, the minimum limit is a more-negative voltago. 
^Thosetypical valuesare at Ta = 25°C 
NOTE 4: 
These characteristics aro vorifiod by measurements at tho following temperatures and output voltage levels: 
TA = -55°C V0 = 1.4 V at TA - 25°C. and V0 = 1 V at TA = 125°C; for TL810C Vq - 1.5 V at TA 
and Vg • 1.2 V at TA = 70°C These output voltago lovolswere selected to approximate the logic threshold 
logic circuits these comparators aro Intended to drive. 


for TL810M, V0 
• 
1.8 V at 
- 00C. V0 = 1.4 Vat 25°C. 
voltages of the types of digital 


switching characteristics, Vcc + 
= 12 V, Vcc- = -6 V. Ta = 25°C 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


Response time 
RL = co, 
Cl = 5 pF. 
See Note 5 
30 
80 
ns 


NOTE5: 
The rosponse time specified is for a 100-mV mpui sTepwith 5-mV overdrive and is the interval between the input step function and the instant 


when the output crosses 1.4 V. 
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TYPICAL CHARACTERISTICS 


60 


50 


LARGE-SIGNAL DIFFERENTIAL 


VOLTAGE AMPLIFICATION 


vs 
FREE-AIR TEMPERATURE 


= 
40 
a 
E 
< 


S? 
30 


vcc 
vCc 


I 
+ =12V 


_ = -6V 
vo = 
No I 


= 0to 


sad 


Z.b V 


4—T L810<:-*: 
2 
20 


~ 
10 


O 
T 


o 
> 


-75 
-50 
-25 
0 
25 
50 
75 
100 


Ta—Free-Air Temperature-°C 


FIGURE 1 
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TYPICAL CHARACTERISTICS 


TL810M 


VOLTAGE TRANSFER CHARACTERISTICS 
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VOLTAGE TRANSFER CHARACTERISTICS 
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FIGURE 6 


COMMON-MODE REJECTION RATIO 


vs 
FREE-AIR TEMPERATURE 
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NOTE4: 
These characteristics are verified by measurements at the following temperatures and output voltago lovols: (or TL810M. Vq - 
1.8 V at 
TA = -55°C, V0 • 1.4 Vat TA = 25°C, and V0 = 1 V at TA = 125°C: for TL810C. V0 > 1.5 V at TA = 0°C. V0 = 1.4 Vat 25°C. 
and Vq = 1.2 V at TA = 70°C. These output voltage levels were selected to approximate tho logic threshold voltages of the types of digital 
logic circuits these comparators are intended to drive. 
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TYPES TL811M, TL811C 
DUAL-CHANNEL DIFFERENTIAL COMPARATORS WITH STROBES 


D1008, MARCH 1971-REVISED AUGUST 1983 


Fast Response Times 


Improved Voltage Amplification and Offset 
Characteristics 


Output Compatible with Most TTL Circuits 


description 


The TL811 is an improved version of the TL711 high 
speed 
dual-channel voltage comparator. Voltage 
amplification is higher (typically 17,500) due to an 
extra stage, increasing the temperature accuracy. The 
output pulse width may be "stretched" by varying the 
capacitive loading. 


Each channel has differential inputs, a strobe input, 
and an output in common with the other channel. 
When either strobe is 
taken low, 
it 
inhibits the 


associated channel. If both strobes are simultaneously 
low, the output will be low regardless of the conditions 
applied to the differential inputs. 


These 
dual-channel 
voltage 
comparators 
are 
particularly attractive for applications requiring an 
amplitude-discriminating sense amplifier 
with 
an 
adjustable threshold voltage. 


The TL811M is characterized for operation over the 
full military range of -55°Cto 125°C; theTL811C 
is characterized for operation from 0°C to 70 °C. 


functional block diagram 


STROBE 


NONINVERTING 


INPUT IN+ 


INVERTING 


INPUT IN- 


NONINVERTING 


INPUT IN+ 
INVERTING 


INPUT IN- 


STROBE 


TL811M . . . J DUAL-IN-LINE PACKAGE 


TL811C ... J OR N DUAL-IN-LINE PACKAGE 


(TOP VIEW) 
NcdVCTij 
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\lN+C3 
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CHAN *"lN+ C 5 
#2 
\JN-C6 
NCC? 
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12DGND 
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10 3 OUT 
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TL811M . . . U FLAT PACKAGE 
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schematic 


vcc+ 
1 


#1 
NONINVERTING 


INPUT IN+ 


#1 
INVERTING 


INPUT IN- 


2 
>°f 


4.3 kn: 


OUTPUT 
#1 
H2 


STROBE 
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4.3 kn >5.3kn 
.^-'- 


1I6.2V 


:24on 


#2 
NONINVERTING 


INPUT IN+ 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage Vcc + 'see Note 1) 
14V 
Supply voltage Vcc - 
'see Note 1) 
—7 V 
Differential input voltage (see Note 2) 
± 5 V 
Input voltage (any input, see Note 1) 
i 
± 7 V 
Strobe Voltage (see Note 1) 
6 V 
Peak output current ltw < 1s) 
50 mA 
Continuous total power dissipation at (or below) 70 °C free-air temperature (see Note 3) 
300 mW 
Operating free-air temperature range: TL811M Circuits 
-55°C to 125°C 


TL811C Circuits 
0°C to 70°C 
Storage temperature range 
- 65 °C to 150 °C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J or U package 
300°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N package 
260 °C 


NOTES: 
1. 
All voltage values, except differential voltages, are with respect to the network ground terminal. 
2. 
Differential voltages are at the noninverting input terminal with respect to tho invorting input terminal. 
3. 
For operation of the TL811M above 70°C free-air temperature, refer to Dissipation Derating Curves. Section 2. In the J package, the TL811M 
chips aro alloy-mounted: TL810C chips aro glass-mounted. 
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TYPES TL811M, TL811C 
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electrical characteristics at specified free-air temperature, Vcc + = 12V,VcC- = -6 V 
(unless otherwise noted) 


PARAMETER 
TL811M 
TL811C 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


V|q 
Input offset voltage 


V|C = o, 


Sao Note 4 


25°C 
1 
3.5 
1 
5 


mV 
Full range 
4.5 
6 


See Note 4 
25°C 
1 
5 
1 
7.5 


Full range 
6 
10 


Avorage temperature 
aVI0 
coefficient of input 
offsot voltage 


V|c - o, 


See Note 4 
Full range 
5 
5 
HVI°C 


l|0 
Input offset current 
See Note 4 
25 °C 
0.5 
3 
0.5 
5 
*A 
Full range 
5 
10 


l|g 
Input bias current 
See Note 4 
25 °C 
7 
20 
7 
30 
MA 
Full range 
30 
50 


'lL(S) 
Low-level strobe current 
V(strobe) = -100mV 
25°C 
-1.2 
-2.5 
-1.2 
-2.5 
mA 


Common-mode 
Viro 
input voltage range 
VCC- = -7 V 
25 °C 
±5 
±5 
V 


Differential input 


voltage range 
25 °C 
±5 
±5 
V 


Large-signal differential 


voltago amplification 
Vo = 0 to 2.5 V, 


No load 


25°C 
12.5 
17.5 
10 
17.5 
V/mV 
Full range 
8 
5 


High-level 
VQU 
output voltage 


V|D = 10 mV, 


lOH = 0 
25 °C 
4 
5 
4 
5 


V 
V|D • 
10 mV, 


'OH = -6 mA 
25°C 
2.5 
3.6 
2.5 
3.6 


Low-level 
V0L 
output voltage 


V|D = -10mV, 


lOL = 0 
- 
25 °C 
-1 
-0.4 
0* 
-1 
-0.4 
0J 


V 
V|q = 10 mV. 


V(strobe) - 0.3 V, 


lOL - 
0 


25°C 
-1 
0' 
1 
0* 


Low-level 
'OL 
output current 


V|D = -10 mV, 
v0 = 0 
25°C 
0.5 
0.8 
0.5 
0.8 
mA 


r0 
Output resistance 
Vo = 1.4 V 
25°C 
200 
200 
a 


Common-mode 
CMRR 
rejection ratio 
25 °C 
70 
90 
65 
90 
dB 


ICC + 
Supply current from Vqc+ 
V|D = -5 to 5 V 
(10 mV for typ). 


No load. See Note 5 


25°C 
6.5 
6.5 
mA 


ICC - 
Supply current from Vcc - 
25°C 
-2.7 
-2.7 
mA 
Pq 
Total power dissipation 
25°C 
94 
150 
94 
200 
mW 


1Unless othorwlso noted, all characteristics are measured with the strobe of tho channel under test open, tho strobo of tho othor channel is grounded. Full 
rango for TL811M is -55°C to 125°C and for the TL811C Is 0°C to 70°C 
'Tho olgobraic convention, whero the most-posltlvo (loose-negative) limit is dosignatod as maximum, is used in this dato sheet for logic levels only, e.g.. 
when 0 V Is tho maximum, the minimum limit is a more-negative voltage. 
NOTES: 4. 
Thoso characteristics aro verified by measurements at the following temporoturos and output voltago levels: for TL811M, Vq = 1.8 V at 
Ta - 
-55°C.V0 = 1.4 VatTA - 25°CandV0 = 1 VatTA = 125°C; forTL811C.V0 = 1.5 Vat TA = 0°C V0 • 1.4 Vat TA - 25°C 
and Vq = 1.2 V at 70°C. Those output voltage levels wore selected to approximatethe logicthreshold voltages of tho types of digitallogic 


circuits these comparators ore intondod to drive. 
6. 
Tho strobes are alternately grounded. 
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TYPES TL811M, TL811C 
DUAL-CHANNEL DIFFERENTIAL COMPARATORS WITH STROBES 


switching characteristics, V"cc+ 
= 12 V, V"cC- 
= -6 V, Ta = 25 °C 


PARAMETER 
TEST CONDITIONS 
TL811M 
TL811C 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
Response time 
RL . 
cc. 
CL = 5 pF, 
See Note 6 
33 
80 
33 
ns 
Strobe release time 
RL = co. 
CL = 5 pF, 
See Note 7 
5 
25 
5 
ns 


NOTES: 6. The response time specifiedis fora 100-mVinput step with 5-mVoverdriveand is the intervalbetween the input step function and tho instant 
when the output crosses 1.4 V. 
7. For testing purposes, thoinput biasconditions areselected to produco anoutput voltage of 1.4V.A5-mV overdrive isthenaddedto thainput 
biasvoltage to produce anoutputvoltogo that risesabove1.4V.Thetimeinterval ismeasured fromtho50%point onthestrobevoltage waveform 
to the instant when tho ovordriven output voltage crosses tho 1.4-V level. 
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TYPICAL CHARACTERISTICS 


TL811M 
VOLTAGE TRANSFER CHARACTERISTICS 


TL811C 
VOLTAGE TRANSFER CHARACTERISTICS 
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OUTPUT RESPONSE FOR 
VARIOUS INPUT OVERDRIVES 
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STROBE RELEASE TIME 


FOR VARIOUS INPUT OVERDRIVES 
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TYPICAL CHARACTERISTICS 


COMMON-MODE PULSE RESPONSE 
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FIGURE 9 


NOTE 4: 
These characteristics are verified by measurements at the following temperatures and output voltage levels: for TL811M. Vq 
» 1.8 V at 
TA = -55°C V0 = 1.4 VatTA =. 25"C.andV0 = 1 VatTA - 126°C: for TL811C V0 = 1.6 Vat TA - 0°C V0 - 1.4VatTA - 25°C. 
and Vq • 
1.2 V at 70°C These output voltage levels were selected to approximate the logic threshold voltages of the types of digital logic 


circuits these comparators are intended to drive. 
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LINEAR 
INTEGRATED 
CIRCUITS 


• 
Fast Response Times 


• 
High Differential Voltage Amplification 


• 
Low Offset Characteristics 


• 
Outputs Compatible with Most TTL Circuits 


description 


The TL820 is an improved version of the TL720 dual 
high-speed voltage comparator. Each comparator has 
differential inputs and a low-impedance output. When 
compared with the TL720, these circuits feature high 
amplification 
(typically 33,000) due to 
an 
extra 
amplification stage and increased accuracy because 
of lower offset characteristics. They are particularly 
useful 
in 
applications 
requiring 
an 
amplitude 
discriminator, memory sense amplifier, or a high-speed 


limit detector. 


The TL820M is characterized for operation over the 
full military temperature range of - 55 °C to 125 °C; 
the TL820C is characterized for operation from 0°C 


to 70°C. 


symbol (each comparator) 


NONINVERTING 


INPUT IN+ 
OUTPUT 


TYPES TL820M, TIL820C 
DUAL DIFFERENTIAL COMPARATORS 


D996. OCTOBER 1977-REVISED AUGUST 1983 


COMP 1 


(IN + 


IN- 
vcc- 


J OR N DUAL-IN-LINE 


PACKAGE (TOP VIEW) 
out£ 
NCQ 
vcc+C 
NCC 
L 
COMP 2 < 
in- L 
:-L 


i Ui4invCc -^ 
13 J IN- 
>COMP1 
2HIN+ J 
11 3 GND 
0 3 vcc- 
9DNC 
>COMP 
A 
HOUT J 


NC—No intornal connection 


schematic (each comparator) 


NONINVEHTING 


INPUT 


Component values shown are nominal. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage Vcc + 'see Note 1) 
14V 
Supply voltage Vcc - 'see Note U 
- 7 V 
Differential input voltage (see Note 2) 
± 5 V 
Input voltage (any input, see Note 1) 
±7V 
Peak output current (tw s 1 s) 
10 mA 
Continuous total power dissipation at (or below) 70 °C free-air temperature: each comparator 
300 mW 
total package (see Note 3). . 600 mW 
Operating free-air temperature range:TL820M Circuits 
-55°C to 125°C 
TL820C Circuits 
0°C to 70°C 
Storage temperature range 
—65 °C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package 
300°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N package 
260°C 


NOTES: 1. 
All voltago values, except differential voltages, are with respect to the network ground terminal. 
2. 
Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
3. 
For operation of the TL820M above 70°C free-air temperature, refer to Dissipation Derating Curves, Section 2. In the J package, TL820M 


chips are alloy-mounted, TL820C chips are glass-mountod. 
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TYPES TL820M, TL820C 
DUAL DIFFERENTIAL COMPARATORS 


electrical characteristics at specified free-air temperature, Vrjc+ = 12 V, Vcc— = —6 V 
(unless otherwise noted) 


PARAMETER 
TEST CONDITIONS' 
TL820M 
TL820C 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


VlO 
Input offset voltage 
RS< 200 n. 


See Note 4 


25°C 
0.6 
2 
1.6 
3.5 
mV 
Full range 
3 
4.5 


QVIO 
Average temperature coefficient 


of Input offset voltage 
R$ - 501!. 


See Note 4 


MIN to 25°C 
3 
10 
3 
20 
pV/°C 
25"C to MAX 
3 
10 
3 
20 


ho 
Input offset current 
See Note 4 


7b 
C 
0.75 
3 
1.8 
5 


wA 
MIN 
1.8 
7 
7.5 


MAX 
0.25 
3 
7.5 


"110 
Average temperature coefficient 


of input offset current 
See Note 4 
MINto25°C 
15 
75 
24 
100 
nA/*C 
25°CioMAX 
5 
25 
15 
50 


'IB 
Input biat current 
See Note 4 
25°C 
7 
15 
7 
20 
nA 
MIN 
12 
25 
9 
30 


V|CR 
Common nxxle input 


voltage range 
VCC- " -? V 
Full range 
15 
15 
V 


V|D 
Differential input voltage range 
Full range 
.5 
•'. 
V 


AVD 
Large-signal differential 


voltage amplification 


No load, 


Vq • 0 to 2.5 V 


25°C 
12.5 
33 
10 
33 
V/mV 
Full range 
10 
8 


VOH 
High-level outpul voltage 


V|D-5mV 


'OH -0 
Full range 
4§ 
5 
48 
5 


V 
V,D - 5 mV. 


'OH ' -5 mA 
Full range 
2.5 
3.6 § 
2.5 
3.6§ 


Vol 
Low-level outpul voltage 
V)D. -5mV. 
IOL-0 
Full range 
-1 
-0.5 § 
ot 
-1 
-0.5? 
Ot 
V 


'OL 
Low-level output current 
V|0--5mv. 
v0-o 


25°C 
2 
1.6 
2.4 


mA 
MIN 
1 
2.3 
0.5 
2.4 


MAX 
0.5 
2.3 
0.5 
2.4 


Output refinance 
V0 > 1.4 V 
25° C 
200 
200 
11 


CVHR Common-mode rejection ratio 
RS < 200 n 
Full range 
80 
100' 
70 
100§ 
>ia 


'cc 
Supply current from Vcc» 
leach comparator) 


V|Q* -5mV. 


No load 


Full range 
5.5 § 
9 
5.5S 
9 
mA 


'cc- 
Supply current Irom Vcc-- 


(each comparator) 
Full range 
-3.5§ 
-7 
-3.5* 
-7 
mA 


pd 
Total power dissipation 
(each comparatorl 
Full range 
90§ 
150 
90§ 
150 
mW 


'Full range (MINto MAXIfor TL820M is -55°C to 125°C and for the TL820C is 0"C to 70°C. 
!Tho algebraicconventionwhere the most-positive(loast-ncgativellimitis designated as maximum is used in this data sheet for logiclevelsonly. e.g.. when 


0 V is the maximum, tho minimum limit is a more-negative voltage. 
§Thosetypical values aro at TA • 25°C. 
NOTE 4: These characteristics ore verified by measurements at the following temporaturos ond output voltage levels: for TL820M. Vq " 1.8 V at TA = - 55 °C. 
V0 = 1.4VatTA » 25°C.andV0 = 1 Vat TA » 125°C: forTL820C. V0 - 1.5Vat TA = 0°C. V0 = 1.4Vat 25°C.andV0 = 1.2Vat 
TA = 70°C.Thoso output voltago levels wore solectod toapproximate thelogic throshold voltages ofthetypos ofdigital logic circuits thesecomparators 


are intended to drive. 


switching characteristics, Vcc+ = 12 V, VCC- = -6 V, Ta = 25° C 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 
I Response timo 
RL = =°. 
C\_ 
5pF. 
See Note 5 
30 
80 
ns 


NOTE 5: 
The response time specified is for a 100-mV input stop with 5-mV overdrive and is tho interval between tho input step function and the instant 


when tho output crosses 1.4 V. 
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LARGE-SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION 


vs 
FREE-AIR TEMPERATURE 
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FIGURE 1 
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FIGURE 4 


TYPES TL820M, TL820C 
DUAL DIFFERENTIAL COMPARATORS 


TYPICAL CHARACTERISTICS 


LARGE-SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION 


vs 
SUPPLY VOLTAGE 
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FIGURE 2 


TL820M 
VOLTAGE TRANSFER 


CHARACTERISTICS 
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TL820C 
VOLTAGE TRANSFER 
CHARACTERISTICS 
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TYPES TL820M, TL820C 
DUAL DIFFERENTIAL COMPARATORS 


TYPICAL CHARACTERISTICS 


INPUT BIAS CURRENT 
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FIGURE 7 


OUTPUT RESPONSE FOR 
VARIOUS INPUT OVERDRIVES 
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FIGURE 10 
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FIGURE 9 
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FIGURE 11 


NOTE 4:Those characteristics are verified bymeasurements atthefollowing temperatures and output voltage levels: for TL820M. Vq • 1.8VatTA = - 55°C. 
V0 - 1.4Vat TA = 25°C. andV0 = 1Vat TA = 125°C; for TL820C. V0 = 1.5Vat TA = 0°C.V0 - 1.4Vat 25°C. andV0 = 1.2Vat 
TA = 70°C. These output voltago levels were selected toapproximate thelogic threshold voltages ofthetypesofdigital logic circuits thosecomparators 
are intended to drive. 
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LINEAR 
INTEGRATED 
CIRCUITS 


TYPES TLC372M, TLC372C 
DUAL LinCMOSTM DIFFERENTIAL COMPARATORS 


Single- or Dual-Supply Operation 


Wide Range of Supply Voltages 


2 to 18 Volts 


Very Low Supply Current Drain 
0.2 mA Typ 


200 ns Typ for 


D2821, NOVEMBER 1983 


JG OR P 


DUAL-IN-LINE PACKAGE 


(TOP VIEW) 


COMP<r: 
OUTQ1 U a Hvdd 
I]OUT 
]IN- 
DlN 


IN- £ 2 
n 
VlN+C3 
GND [^4 
•} 


COMP 


#2 
Fast Response Time . . 
TTL-Level Input Step 


Built-in ESD Protection 


High Input Impedance . 
. 1012 flTyp 
symbol (each comparator) 


• 
Extremely Low Input Bias Current 
1 pA Typ 


• 
Ultra-Stable Low Input Offset Voltage 


• 
Common-Mode Input Voltage Range 
Includes Ground 


• 
Output Compatible with TTL, MOS, and 
CMOS 


description 


This device is fabricated using LinCMOS™ technologv and consists of two independent voltage comparators designed 
to operate from a single power supply. Operationfrom dual supplies is also possible so long as the difference between 
the two supplies is 2 to 18 volts. Each of these devices features extremely high input impedance (typically greater 
than 1012 ohms) allowing direct interfacing with high-impedance sources. The outputs are n-channel open-drain 
configurations, and can be connected to achieve positive-logicwired-AND relationships. 


These devices have internal electrostatic discharge (ESD) protection circuits that will prevent catastrophic failures 
at voltages up to 2000 volts as tested under MIL-STD-883B, Method 3015.1. However, care should be exercised 
in handling these devices as exposure to ESD may result in a degradation of the device parametric performance. 


The TLC372M is characterized for operation over the fullmilitarytemperature range of - 55 °C to 125 °C. The TLC372C 
is characterized for operation from 0°C to 70 °C. 


NONINVERTING 


INPUT IN+ 


INVERTING 


INPUT IN- 
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TYPES TLC372M, TLC372C 
DUAL LinCMOSTM DIFFERENTIAL COMPARATORS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


TLC374M 
TLC374C 
UNIT 
Supply voltage, Vrjrj (see Note 1) 
18 
18 
V 
Differential input voltage (sec Note 2) 
1 18 
±18 
V 
Input voltage, V| 
18 
18 
V 
Output voltage, Vq 
18 
18 
V 
Output current, Iq 
20 
::<.• 
mA 
Duration of output short-circuit to ground (see Note 3) 
unlimited 
unlimited 
Continuous total dissipation at (or below) 25°C free-air temperature isee Note 4) 
500 
500 
mW 
Operating free-air temperature range 
-55 to 125 
0 
to 70 
"C 
Storage temperature range 
-65 to 150 
-65 to 150 
°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds 
JG package 
300 
300 
C 
Lead temperature 1,6 mm (1/16 inchl from case for 10 seconds 
D or P package 
260 
°c 


NOTES: 1. 
All voltago values, except differential voltages, are with respect to network ground terminal. 
2. 
Differential voltages aro at the noninverting input terminal with respect to the inverting input terminal. 
3. 
Short circuits from outputs to Vqq can cause excessive heating and eventual destruction. 
4. 
For operation abovo 25°C free-air temperature, refer to Dissipation Derating Curves. Section 2. In the J package, TLC374C chips aro glass mourned 
and TLC374M chips aro alloy mounted. 


electrical characteristics at specified free-air temperature. VDD = 5 V (unless otherwise noted) 


PARAMETER 
TEST CONDITIONS' 
TLC372M 
TLC372C 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


V|q 
Input offset voltage 
V|C = V|CR mir>. See Note 5 
25°C 
2 
10 
2 
10 
mV 
Full range 
12 
12 


l|0 
Input offset current 
See Note 5 
25 °C 
1 
1 
pA 


Full range 
10 
0.3 
n,\ 


l|Q 
Input bias current 
25°C 
1 
PA 


Full range 
20 
0.6 
nA 


Common-mode input 
V|QR 
voltage range 


25 °C 
0 
to 
Vcc-1-5' 


0 to 


Vcc-1-5 
V 


Full range 
0 to 


VCC-2 


0 to 


VCC "2 
Large-signal differential 


voltage amplification 
VDD = 15 V. 
RL a 15 kfl to Vqd 
25°C 
200 
200 
v/mV 


High-level 
'OH 
output current 
V|D = 1 V 
V0H = 5 V 
25°C 
0.1 
0.1 
nA 


V0H = 15 V 
Full rango 
1 
1 


Low-level 
vOL 
output voltage 
V|D = - 1 V. 
Iql 4 mA 
25°C 
150 
400 
ISO 
400 
mV 
Full range 
700 
700 


Low-level 
'OL 
output curront 
ViD = -1 V, 
V0L = 1.5 V 
25°C 
6 
16 
6 
16 
mA 


Supply current 
'DD 
,(two comparators! 
V|D = 1 V. 
No load 
25 °C 
0.2 
0.2 
mA 


'All characteristics are measured with zero common-mode inputvoltage unlessotherwise specified. 
NOTE 5: The offset voltages and offset currents given are the maximum values required to drive the outpul up to 4 V or down to 400 mV with 
resistor of 2.5 kfl to Vqq, Thus, these parameters actually define an error band and take into account tho worst-case effects of voltage 
input impedance. Full range for TA is -55°C to 125°C for TLC372M. 0°C to 70°C for TLC372C. 


switching characteristics, Vqd = 5 V, Ta = 25 °C 


a pull-up 
gain and 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


Response time 
Rl connocted to 5 V through 5.1 kQ, 
Cl = 15 pF*, 
See Note 6 


100-mV input stop with 5-mV overdrive 
650 
ns 
TTL-levol input step 
200 


!Cl includes probeand jigcapacitance. 
NOTE 6: The response timo specified is the interval between the input stop function ond the instant when the output crosses 1.4 V. 
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LINEAR 
INTEGRATED 
CIRCUITS 


TYPES TLC374M, TLC374C 
QUADRUPLE LlnCMOSTM DIFFERENTIAL COMPARATORS 


Single- or Dual-Supply Operation 


Wide Range of Supply Voltages 


2 to 18 volts 


Very Low Supply Current Drain 
0.4 mA Typ 


• 
Fast Response Time . . . 200 ns Typ for 
TTL-Level Input Step 


• 
Built-in ESD Protection 


• 
High Input Impedance . . . 1012 Q Typ 


• 
Extremely Low Input Bias Current 
1 pA Typ 


• 
Ultra-Stable Low Input Offset Voltage 


• 
Common-Mode Input Voltage Range 
Includes Ground 


• 
Output Compatible with TTL, MOS, and 
CMOS 


D2783, NOVEMBER 1983 


TLC374M ... J DUAL-IN-LINE PACKAGE 


TLC374C ... D, J. OR N DUAL-IN-LINE PACKAGE 


(TOP VIEW) 


OUT COMP #1^ 
OUT COMP #2C 
vccC 
COMPJm~L 
»2 \|N+C 
COMP I"IN- £ 
#1 \IN+C 


XJu ]OUT COMP #3 
3 OUT COMP #4 
I] GND 
] IN +\ COMP 
Din-/ 
+\ 
pIN-/ 


#4 


#3 


symbol (each comparator) 


NONINVERTING 
INPUT IN + 


INVERTING 
INPUTIN- 


description 


This device is fabricated using LinCMOS™ technology and consists of four independent voltage comparators designed 
to operate from a single power supply. Operation from dual supplies is also possible so long as the difference between 
the two supplies is 2 to 18 volts. Each of these devices features extremely high input impedance (typically greater 
than 1012 ohms) allowing direct interfacing with high-impedance sources. The outputs are n-channel open-drain 
configurations, and can be connected to achieve positive-logic wired-AND relationships. The TLC374C is designed 
as a pin-compatible, functional replacement for the LM339, offering twice the speed while consuming typically one- 


half of the power. 


These devices have internal electrostatic discharge (ESD) protection circuits that will prevent catastrophic failures 
at voltages up to 2000 volts as tested under MIL-STD-883B, Method 3015.1. However, care should be exercised 
in handling these devices as exposure to ESD may result in a degradation of the device parametric performance. 


The TLC374M is characterized for operation over the fullmilitary temperature range of - 55 °C to 125 °C. The TLC374C 


is characterized for operation from 0°C to 70 °C 
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TYPES TLC374M, TLC374C 
QUADRUPLE LinCMOSTM DIFFERENTIAL COMPARATORS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


TLC374M 
TLC374C 
UNIT 
Supply voltage (see Note 11 
18 
18 
V 
Differential input voltage (see Note 2) 
• 18 
= 18 
V 
Input voltage, V| 
18 
18 
V 
Output voltage, Vq 
18 
18 
V 
Output current, Iq 
20 
20 
mA 
Duration of output short-circuit to ground (see Note 31 
unlimited 
unlimited 
Continuous total dissipation at (or bolowl 25 °C free-air temperature (see Note 41 
500 
500 
mW 
Operating free-air temperaturo range 
-55 to 125 
0 to 70 
°C 
Storage temperature range 
-65 to 150 
-65 to 150 
°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds 
JG package 
300 
300 
°C 
Load temperature 1,6 mm (1/16 inch) from case for 10 seconds 
D or P package 
260 
°C 


NOTES: 1. Allvoltage values, except differentialvoltages, are with rospect to network ground terminal. 
2. Differential voltages are at the noninvertinginput terminal with respect to the invertinginput terminal. 
3. Short circuits from outputs to Vcc can cause excessive heating and eventual destruction. 
4. For operation abovo25°CIroc-air temperature, refertoDissipation Derating Curves. Section2. InthoJ package.TLC374C chipsareglassmounted 
and TLC374M chips are alloy mounted. 


electrical characteristics at specified free-air temperature, Vcc = 5 V (unless otherwise noted) 


PARAMETER 
TLC374M 
TLC374C 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


V|Q 
Input offset voltage 
V|C = VICR m'n- 
See Note 5 
25°C 
2 
10 
2 
10 
mV 
Full range 
12 
12 


I|0 
Input offset current 
See Note 5 
25°C 
I 
1 
PA 


Full range 
10 
0.3 
nA 


l|B 
Input bias current 
25°C 
1 
1 
pA 


Full range 
20 
0.6 
nA 


Common-mode input 
Virn voltage range 


25°C 
0 to 
Vcc-1-5 


0 to 


VCC-15 
V 


Full range 
0 to 


Vcc "2 


0 
to 


VCC "2 
Large-signal differential 
"VD 
voltage amplification 
VCC 
= 15 V, 
Rl & 15 kn to vcc 
25°C 
200 
200 
v/mV 


High-level 
'OH 
output current 
V|D = 1 V 
V0H = 5 V 
25°C 
0.1 
0.1 
nA 


Vqh = '5V 
Full range 
1 
1 
„A 


Low-level 
Vql 
output voltage 
V|D = 
- 1 V, 
Iql = 4 mA 
25°C 
150 
400 
150 
400 
mV 
Full range 
700 
700 


Low-level 
'OL 
output current 
V|D = -1 v, 
vol b i-5 v 
25 °C 
6 
16 
6 
16 
mA 


Supply current 
'CC 
(four comparators) 
V|D - 
- 1 V, 
No load 
25°C 
0.4 
1 
0.4 
1 
mA 


'All characteristics are measured with zero common-mode input voltage unless otherwise specilied. 
NOTE 5: The offset voltages and offset currents given are the maximum valuos required to drive the output up to 4 V or down to 400 mV with 
resistor of 2.5 kQto Vcc- ^nus- these parameters actuallydefinoan error Bandand take into account tho worst-case effects of voltage 
input impedance. Full range for TA is - 55 "C to 125eC for TLC374M, 0°C to 70°C for TLC374C. 


switching characteristics, Vcc = 5 V, Ta = 25 °C 


a pull-up 


gain and 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


Response time 
RL connected to 5 V through 5.1 kfj, 
CL = 15 pF'. 
See Note6 


100-mV input step with 5-mV overdrive 
0.9 
lis 
TTL-lovel input step 
0.2 


'Cl Includes probe and jig capacitance. 
NOTE 6: The response time speclfiod is tho Interval between the input stop function and the instant when the output crosses 1.4 V. 
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LINEAR 
INTEGRATED 
CIRCUITS 


• 
Fast Response Times 


• 
Low Offset Characteristics 


• 
Output Compatible with Most TTL Circuits 


a 
Designed to be Interchangeable with 
Fairchild /iA710 


description 


The 
uA710 
is 
a 
monolithic 
high-speed 
comparator having differential inputs and a low- 
impedance 
output. 
Component 
matching, 
inherent in silicon integrated circuit fabrication 
techniques, produces a comparator with low- 
drift and low-offset characteristics. This circuit 
is especially useful for applications requiring an 
amplitude 
discriminator, 
memory 
sense 
amplifier, or a high-speed voltage comparator. 
The uA710M is characterized for operation over 
the full military temperature range of - 55 °C to 
125°C. 


schematic 


ovcc. 


Component valuos shown are nomina 


symbol 


TYPE uA710M 
DIFFERENTIAL COMPARATOR 


D2229. JUNE 1976-REVISED OCTOBER 1979 


J 
DUAL-IN-LINE PACKAGE 


(TOP VIEW) 


NC Ql Ul4pNC 
GND £ 2 
13]NC 
IN+ Q3 
12HNC 
IN- £4 
11DVCC + 
NC £ 5 
10U NC 
Vcc-Ce 
9U0UT 
NC £ 7 
8 3 NC 


JG DUAL-INLINE PACKAGE 


(TOP VIEW) 
GNDQl D 8 Dvcc 
IN+ L 
IN- L 
vcc- L 


1 3 OUT 
6 3 NC 
bUnc 


U FLAT PACKAGE 


(TOP VIEW) 


GNDQ»1 
io^nc 
IN+C2 
9]NC 
IN-£3 
sUvcc. 
NCC4 
7 3 NC 
VCC- Ll 
6 ^ OUT 


NC-No internal connection 


NONINVERTING 
INPUT IN+ 


INVERTING 


INPUT IN- 


V) 


CO 
1_ 
CO 
a. 
£ 
o 
O 


03 
U) 
CO 


o 
> 
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TYPE uA710M 
DIFFERENTIAL COMPARATOR 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage Vcc + <see Note 1) 
14V 
Supply voltage Vcc - 
(see Note 1) 
- 7 V 
Differential input voltage (see Note 2) 
±5 V 
Input voltage at either input (see Note 1) 
±7V 
Peak output current (tw < 1 s) 
10 mA 
Continuous total power dissipation at (or below) 25 °C free-air temperature (see Note 3) . . 300 mW 
Operating free-air temperature range 
-55°C to 125°C 
Storage temperature range 
-65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds 
300 °C 


NOTES: 
1. 
All voltage values, except differential voltages, aro with respect to the network ground terminal. 
2. 
Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
3. 
For operation above 25°C free-air temperature, refer to the Dissipation Derating Curves in Section 2. In the J and JG packages. uA710M chips 


are alloy mounted. 


electrical characteristics at specified free-air temperature, Vcc+ = 12 V, VcC— = —6 V 
(unless otherwise noted) 


D 


<o_ 


#-f 
03 
CO 
CD 


O 
o 
3 
•a 
03 


03 


o 


C/> 


PARAMETER 
TEST CONDITIONS' 
MIN 
TYP 
MAX 
UNIT 


V|0 
Input offset voltage 
Rs<2con. 
See Note 4 
25'C 
0.6 
2 
mV 
Full range 
3 


°VIO 
Average temperature coefficient 


of input offset voltage 
Rs < so n. 
See Note 4 
Full range 
3 
10 
»Vl°C 


ho 
Input offset current 
See Note 4 
25° C 
0.75 
3 
*iA 
Full range 
7 


"IIO 
Average temperature coefficient 


of input offset current 
See Note 4 
-55" C to 25°C 
5 
25 
nA/°C 
25cCto 125°C 
15 
75 


'IB 
Input bias current 
Sec Note 4 
25" C 
13 
20 
uA 
Full range 
45 


VICR 
Common-mode 


input voltage range 
Vcc- "-7 V 
25° C 
s5 
V 


V|D 
Differential input voltage range 
25° C 
15 
V 


AVD 
Large-signal differential 


voltage amplification 
No load, 
See Note 4 
25°C 
1250 
1700 


Full range 
1000 


VOH 
High-level output voltage 
Vid " 
5mV. 
Iqh = -5 mA 
25aC 
2.5 
3.2 
-: 
V 


vol 
Low-level output voltage 
V|D= -5mV. 
lOL = 0 
25°C 
-1 
-0.5 
6: 
V 


lOL 
Low-level output current 
V|D--5mV. 
v0-o 


25'C 
2 
2.5 


mA 
-55;C 
1 
2.3 


125°C 
0.5 
1.7 


'o 
Output resistance 
V0 '1.4V 
25° C 
200 
ft 


CMRR 
Common-mode rejection ratio 
RS < 200 n 
25° C 
80 
100 
dB 


ice* 
Supply current from Vqq+ 
V|D « -5 V to 5 V 
(-10 mV for typ). 


No load 


25° C 
5.2 
9 
mA 


'CC- 
Supply current from Vqo_ 
25° C 
-4.6 
-7 
mA 


pd 
Total power dissipation 
25° C 
go 
150 
mW 


4-1 


NOTE 4: 
Those characteristics are verified by 
measurements at the following temperaturos and output voltage levels: Vn • 
1.8 V at 
TA - -55°C. V0 - 1.4Vat TA - 25°C, and Vq- J Vat TA - 125°CThese output voltage levels were solected toapproximate the 
logic threshold voltages of the types of digital looic circuits these comparators are intended to drive. 
'Full range for uA710M is -55°C to 125°C 
$Tho algebraic convention whore tho more-positive(loss-negative) limit is designatedas maximum is used In this data sheet for logiclevelsonly, 
e.g.. when 0 V Is tho maximum, the minimum limit is n moro-negatlvo voltago. 
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TYPE UA710M 
DIFFERENTIAL COMPARATOR 


switching characteristics, Vcc+ '• 12 V, Vcc- • -6 V, Ta = 25=C 


PARAMETER 
TEST CONDITIONS 
TYP 
UNIT 
Response time 
No load. 
See Note 5 
40 
ns 


NOTE 5: The response time spocified is for a 100-mV input stop with 5-mV overdrivo and Is the interval betweon tho Input step function ond 
the Instant whan tho output crosses 1.4 V. 


° 
2 


TYPICAL CHARACTERISTICS 


OUTPUT RESPONSE FOR VARIOUS 


INPUT OVERDRIVES 


t 
o.. 
1 
VCC+ " 12 V 


VCC_ = -6V 


No load 


TA •2 5°C 


/ / 
Jfy rV f 


/I jI f\ 
Js^. > 
\ 


40 
60 


t—Time-ns 


FIGURE 1 


80 
100 
120 


OUTPUT RESPONSE FOR VARIOUS 


INPUT OVERDRIVES 


t 


I 


VCC+ " 12 V 


r vCc- • -e v 


No load 
\ \ <:k 
T/> • 25°C 
V 


~n 
s£ & 
\&>^ 


K 
v ^a 


40 
60 


t—Time—ns 


FIGURE 2 


80 
100 
120 


GO 


CO 
l_ 
CO 
a. 
E 
o 
o 


0) 


co 


o 
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< 
O. 
ft- 
03 
(Q 
CD 


o 
o 
3 
•o 
03 


03 


CO 


TYPE UA710M 
DIFFERENTIAL COMPARATOR 


TYPICAL CHARACTERISTICS 


II 


O 
o 


COMMON-MODE PULSE RESPONSE 


vs 


ELAPSED TIME 


1 


r*-™ 
vCc-" ~6 v- 
TA" 25°C 


>-oV0 
1 - 
( 
<4 
3 


40 
80 
120 


t—Time—ns 


FIGURE 3 


VOLTAGE TRANSFER CHARACTERISTICS 


•= 
2 


1 
1 
1 
Vcc = 12 V 
VCC =-6 V 


/ 


irA = -55°C 


if 
TA = 12 )°C 
i 
'TA• 25°C 
/ 
// 
it 


/ 
i 
It 


/, 


O 
> 


'-5 j| .3 -2 -I 
0 
1 
2 
3 
4 
5 
V|Q-Differential Input Voltage-mV 


FIGURES 


OUTPUT VOLTAGE 


vs 


FREE-AIR TEMPERATURE 


V0H IV|D 
15m V, lOH 


I 
• -0.5 mA) 


vc 
vc 
C+-1 !V 


6 V 


V0L<V D = - 
5mV. I0L"0) 


- 


-75 
-50 
-25 
0 
25 
50 
75 
100 
125 
T^-Free-Air Temperature-°C 


TOTAL POWER DISSIPATION 


vs 


FREE-AIR TEMPERATURE 


100 
1 
1 
VCC+"12V 


51 95 
c 
o 


vcc--- 
V|D-0 


6V 


No 
oad 


a 
a 
5 90 
1 
o 


2 
0 
V 85 
a 
a. 


^ 


-75 
-50 
-25 
0 
25 
50 
75 
100 
125 


T/»,—Free-Air Temperature-'C 


FIGURES 
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INTEGRATED 
CIRCUITS 


TYPES uA711M, uA711C 
DUAL-CHANNEL DIFFERENTIAL COMPARATORS WITH STROBES 


D977. FEBRUARY 1971-REVISED OCTOBER 1979 


Fast Response Times 


Low Offset Characteristics 


Output Compatible with Most TTL Circuits 


Designed to be Interchangeable with Fairchild 
/iA711 and /.A711C 


description 


The 
uA711 
is 
a 
high-speed 
dual-channel 
comparator with differential inputs and a low- 
impedance 
output. 
Component 
matching, 
inherent with silicon monolithic circuit fabrication 
techniques, produces a comparator circuit with 
low-drift and low-offset characteristics. 
An 
independent strobe input is provided for each of 
the two channels, which 
when 
taken 
low, 
inhibits the associated channel. If both strobes 
are simultaneously low, the output will be low 
regardless of the conditions applied to the 
differential inputs. The comparator output pulse 
duration can be "stretched" by varying the 
capacitive loading. These dual comparators are 
particularly useful for applications requiring an 
amplitude-discriminating sense amplifier with an 
adjustable threshold voltage. 


The uA711M is characterized for operation over 
the full military temperature range of - 55 °C 
to 125°C; the uA711C is characterized for 
operation from 0°C to 70°C. 


J OR N DUAL-IN-LINE PACKAGE 


(TOP VIEW) 


T~Oi4 


2 
13 
NCC 
#1 IN- [| 
#1 IN+ C 
vcc- L 
#2 IN+ £ 
#2 IN- C 
NCC 


]NC 
3 # 1 STRB 
3GND 
Dvcc + 
lOUT 
3 92 STB 
Unc 


U FLAT PACKAGE 


(TOP VIEW) 


•1 
10 


2 
9 


3 
8 


4 
7 


5 
6 


#1 IN-C 
#1 IN + £ 
vcc-C 
#2 IN + C 
U2 IN-E 


functional block diagram 


STROBE 


NONINVERTING 
INPUT IN+ 


INVERTING 
INPUT IN- 


NONINVERTING 
INPUT IN+ 


INVERTING 


INPUT IN- 


3 #1 STRB 
Ignd 
3vCc + 
lOUT 
3 "2 STB 


cc 


co 
a 
E 
o 
O 


03 
D) 
CO 
+•» 


O 
> 
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TYPES uA711M, uA711C 
DUAL-CHANNEL DIFFERENTIAL COMPARATORS WITH STROBES 


schematic 


910 n.; 


INVERTING 
•* 
INPUT 1IN--1^, 
NONINVERTING. 


INPUT 1 IN+ 


Component values shown are nominal. 


STROBE 1 
OUTPUT 
STROBE 2 


GND 


•vcc+ 


INVERTING 
2IN- 
NONINVERTING 


INPUT 2 IN+ 


>INVER 


INPUT 


-vCc- 


?♦ 
absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


CO 


UA711NI 
uA711C 
UNIT 


Supply voltago Vcc^ (see Note 1) 
14 
14 
V 


Supply voltage Vcc 
'see Note " 
-7 
- 7 
V 


Differential Input voltage (see Note 2) 
~5 
n5 
V 


Input voltage (any input, see Note 11 
*7 
±7 
V 


Strobe voltago (see Note 1) 
6 
6 
V 


Peak output current ltw s 
1 s) 
50 
50 
mA 


Continuous total power dissipation at (or below) 70°C free-air temperature (see Note 3) 
300 
300 
mW 


Operating free-air temperature range 
-55 to 125 
0 to 70 
°C 


Storage temperature range 
-65 to 150 
65 to 150 


Lead temperature 1.6 mm (1/16 inch) from case for 60 seconds J or U package 
300 
300 


Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds N package 
260 
°C 


NOTES: 1. All voltage values, exceptdifferential voltages, arewilh rospect to the network ground terminal. 
2. Differential voltages areat tho noninverting input torminal with rospect to theinverting input terminal. 
3. For operation ofuA711M above 70°C free-air temperaturo, refer toDissipation Derating Curves. Section 2. In theJ package. uA711M chips 
are alloy mounted. uA711C chips are glass mounted 


4-92 
Texas 
Instruments 


POST OFFICE BOX 225012 
• OALLAS. TEXAS 75265 


TYPES uA711M, uA711C 
DUAL-CHANNEL DIFFERENTIAL COMPARATORS WITH STROBES 


electrical characteristics at specified free-air temperature, Vcc+ = 12 V, Vcc- = -6 V 
(unless otherwise noted) 


PARAMETER 
TEST CONDITIONS* 
UA711M 
UA711C 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


V)0 
Input offset voltage 


Rs < 200!!. 


See Note 4 


V|c = 0. 
25JC 
1 
3.5 
1 
5 


mV 
Fiji range 
4.5 
6 
R$ < 200 P., 


See Note 4 


25 C 
1 
5 
• 
1 5 


Full rango 
6 
10 


QVIO 
Average temperature coefficient 


of input offset voltage 
RS< 200 0, 


See Note 4 
V|C"0, 
Full range 
5 
5 
uV/'C 


ho 
Input offset current 
See Note 4 
25'C 
05 
II) 
0.5 
15 
liA 
Full r.iriq..' 
20 
25 


'IB 
Input bias current 
Sec Note 4 
25 C 
25 
75 
25 
100 
|iA 
Full range 
150 
150 
'IL(S) 
Low-level strobe current 
V(strobe) " °. 
V|D = lOmV 
25 C 
l 2 
2.5 
-1.2 
-2.5 
mA 


V|CR 
Common-mode input 


voltago range 
vCc- =-7V 
25 C 
±5 
±5 
V 


V|D 
Differential input 


voltage range 
25 C 
±5 
±5 
V 


AVD 
Large-signal differential 


voltage amplification 


No load. 
Vq - 0 to 2.5 V 


25 C 
750 
1500 
700 
1 500 


Full range 
500 
500 


V0H 
High-level output voltage 
V|D = 10 mV. 
'OH • 0 
25 C 
4.5 
5 
4.5 
5 
V 
V|D = 10 mV. 
'OH = -5 mA 
25 C 
2.5 
3.5 
2.5 
3.5 


vol 
Low-level output voltage 


V)D= -lOmV, 
'OL = 0 
25" C 
-1 
-0.5 
Ot 
-1 
-0.5 
ot 


V 
V|D • 10mV, 
lOL = 0 
V(strobe) • 0-3 V. 
25"C 
-1 
Ot 
-1 
ot 


'OL 
Low-level output current 
V|D = -10mV. 
v0 
0 
25 C 
0.5 
0.8 
0.5 
0.8 
mA 


'o 
Output resistance 
V0 = 1.4 V 
25 
C 
200 
200 
!• 


CMRR Common-mode rejection ratio 
RS •• 20012 
25 C 
70 
90 
65 
90 
dB 


'CC* 
Supply current from Vcc« 
V|D, -5Vto5V(-10mVfortyp). 


Strobes alternately grounded, 


No load 


25 C 
9 
9 
mA 


•CC- 
Supply current from Vcc- 
25 C 
-4 
4 
mA 


PD 
Total power dissipation 
25 C 
130 
200 
130 
230 
mW 


Unless otherwise notod. all characteristics ore measured with the strobe of tho channel under test opon. The strobe of the other channel is grounded. Full 
range for uA711M is -55°C to 125°C and for the uA711Cis0°C to 70°C. 
'The algebraic convention, where the most-positive (leasi-negativel limit is designated as maximum, is used in this data sheet for logic levelsonly, e.g.. 
when 0 V is the maximum, the minimum limit is a more-negative voltage. 
NOTE 4: Thesecharacteristicsare verified by measurementsat the following temperaturesandoutput voltagelevels:foruA711M,Vq n 1.8 Vat Ta = - 55°C, 
Vq - 1.4 VatTA = 25°C. and Vq • 1 V at TA = 125°C; for uA711C, V0= 1.5 V at TA - 0°C. Vq = 1.4 V at TA = 25°C. and Vq » 1.2 V 
at 70°C. These output voltago levels wore selected to approximate the logic threshold voltages of tho types of digital logic circuits these comparators 
are intondod to drive. 


switching characteristics, Vcc+ = 12 V, VcC- = -6 V, Ta = 25°C 


PARAMETER 
TEST CONDITIONS 
UA711M 
UA711C 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
Response lime 
No load. 
See Note 5 
40 
80 
40 
ns 
Strobe release time 
No load. 
See Note 6 
7 
25 
7 
ns 


NOTES: 5. Tho response time specified isfor a 100-mV input stepwith 5-mV overdrive and isthointerval botween thoinput stopfunction and theinstant 
when tho output crosses 1.4 V. 
6. For testing purposes, theinput bias conditions areselected toproduce anoutput voltage of1.4V. A5-mV overdrive isthen added totheinput 
bias voltage toproduce anoutput voltago thatrises above 1.4V. The time interval ismeasured from the50% point onthestrobe voltage waveform 
to the Instont when the overdriven output voltage crosses the 1.4-V level. 
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TYPES UA711M, uA711C 
DUAL-CHANNEL DIFFERENTIAL COMPARATORS WITH STROBES 


typical characteristics 


2000 


1800 


1600 


£ 
600 


j 
400 


LARGE-SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION 


vs 
FREE-AIR TEMPERATURE 


-75 
-50 
-25 
0 
25 
50 
75 
100 
125 


Ta—Free-Air Temperature- C 


FIGURE 1 


INPUT BIAS CURRENT 


vs 
FREE-AIR TEMPERATURE 


V 
v 


I 
I 
VCC+-12V 
\ 
s •e Note 4 


\ 


.. 
i 


4 
u A711C 


I 


-75 
-50 
-25 
0 
25 
50 
75 
100 


TA-Fre«-Air Temperature-"C 


LARGE-SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION 


vs 
SUPPLY VOLTAGE 


v0- 
ta- 


1.4 V 
25°C 


VCC _ - -7 V 


["vcc .--6 


vcc 


V 
._ 
• 


. - -5 V 


r 
J 


10 
11 
12 
13 


Vcc*-Positi»e Supply Voltage-V 


FIGURE 2 


TOTAL POWER DISSIPATION 


vs 
FREE-AIR TEMPERATURE 
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Ta—Free-Air Temperature- C 


FIGURES 
FIGURE 4 


NOTE 4-These characteristics are verified by measurements atthe following temperatures and output voltage levels: for uA711M. V0• 1.8 VatTA - - 55°C. 
Vn - 1.4 Vat TA =25°C.andV0 =1VatTA " 125°C; for uA711C, V0 =1.5 Vat TA =0°C. V0 = 1.4 VatTA " 25°C.andV0 - 1.2V 
at 70°C.Those outputvoltage levels wereselected toapproximate thologic threshold voltages ofthetypos ofdigital logic circuits thesecomparators 


are intended to drive. 
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TYPES uA711M, uA711C 
DUAL-CHANNEL DIFFERENTIAL COMPARATORS WITH STROBES 


TYPICAL characteristics 


uA711M 


VOLTAGE TRANSFER 


CHARACTERISTIC 


1 
1 
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FIGURE5 


OUTPUT RESPONSE FOR 
VARIOUS INPUT OVERDRIVES 
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FIGURE 7 


UA711C 
VOLTAGE TRANSFER 


CHARACTERISTICS 


1 
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Vcc*- 6 V 
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FIGURE 6 


STROBE RELEASE TIME 
FOR VARIOUS INPUT OVERDRIVES 
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Linear Circuits 


General Information 


Thermal Information 


Operational Amplifiers 


Voltage Comparators 


Special Functions 


Voltage Regulators 


Data Acquisition 


Appendix 


5-1 


Special Functions 


precision timers 


commercial temperature range 


special functions 


SELECTION GUIDE 


(values specified for Ta = 25 °C) 


DEVICE 


NUMBER 
DESCRIPTION 
TIMING 
OUTPUT CURRENT 
PACKAGES 
PAGE 
FROM 
TO 


NE555 
Single Timer 
1 cs 
1 s 
i 200 mA 
D.JG.P 
5-21 


NE556 
Dual Timer 
1 ^s 
1 s 
±200 mA 
D.J.N 
5-31 


TLC551C 
LinCMOS, Single High-Speed Timer 
1 ms 
1 s 
100 mA 
-10 mA 
D.N 
5-89 


TLC552C 
LinCMOS. Dual High-Speed Timer 
1 AS 
1 s 
100 mA 
-10 mA 
D.N 
5-93 


TLC555C 
LinCMOS. Single High-Speed Timer 
1 Ms 
1 s 
100 mA 
-10 mA 
D.JG.P 
5-97 


TLC556C 
LinCMOS. Dual High-Speed Timer 
1 /IS 
1 s 
100 mA 


-10 mA 
D,N 
5-97 


UA2240C 
Programmable Timer/Counter 
10 ,.s 
Days 
4 mA 
N 
5-109 


automotive temperature range 
(values specified for Ta = 25°C) 


DEVICE 


NUMBER 
DESCRIPTION 
TIMING 
OUTPUT CURRENT 
PACKAGES 
PAGE 
FROM 
TO 


SA555 
Single Timer 
1 pa 
1 s 
± 200 mA 
D.JG.P 
5-21 
SA556 
Single Timer 
i pa 
1 s 
± 200 mA 
D.J.N 
5-31 


military temperature range 
(values specified for Ta = 25 °C) 


DEVICE 


NUMBER 
DESCRIPTION 
TIMING 
OUTPUT CURRENT 
PACKAGES 
PAGE 
FROM 
TO 


SE555 
Single Timer 
1 us 
1 s 
± 200 mA 
FH.FK.JG 
5-21 | 
SE555C 
Single Timer 
1 Ms 
1 s 
± 200 mA 
FH.FK.JG 
5-21 
5E556 
Single Timer 
1 ws 
1 s 
± 200 mA 
FH.FK.J 
5-31 
SE556C 
Single Timer 
1 MS 
1 s 
±200 mA 
D.J.N 
5-31 


TLC555M 
LinCMOS. Single High-Speed Timer 
1 MS 
1 s 
100 mA 


-10 mA 
JG 
5-97 


TLC556M 
LinCMOS. Dual High-Speed Timer 
1 MS 
1 S 
100 mA 


10 mA 
J 
5-97 


current mirrors 
(values specified for Ta = 25 °C) 


DEVICE 


NUMBER 
TYPE 
TEMP RANGE 
CURRENT RATIO 


INPUT TO OUTPUT 


INPUT CURRENT 


RANGE 
PACKAGES 
PAGE 


TL010C 
Programmable 
0°C to 70 °C 
3:1 to 1:15 
Variable 
P 
5-49 
TL010I 
Programmable 
-40°C to 85°C 
3:1 to 1:15 
Variable 
P 
5-49 
TL011C 
Fixed 
0°C to 70°C 
1 
1 
1 mA to 1 mA 
LP 
5-53 
IL0I 11 
Fixed 
-40°C to 85°C 
1 
1 
1 mA to 1 mA 
LP 
5-53 
TL012C 
Fixed 
0°C to 70°C 
1 2 
1 ,.A to 
1 mA 
LP 
5-53 
TL012I 
Fixed 
-40°C to 85°C 
1 2 
1 mA to 1 mA 
LP 
5-53 
TL014C 
Fixed 
0°C to 70 °C 
i 
4 
1 (iA to 1 mA 
LP 
5-53 
TL014I 
FlVTMl 
-40°C to 85°C 
• 
4 
1 mA to 1 mA 
LP 
5-53 
TL021C 
Fixed 
0"C to 70 "C 
1 2 
2 mA to 2 mA 
LP 
5-53 
TL021I 
Fixed 
-40DC to 85°C 
1 2 
2 mA to 2 mA 
LP 
5-53 


Texas 
Instruments 


POST OFFICE BOX 225012 • 
0ALLAS. TEXAS 75265 


5-3 


•a 
CD 
O 
5." 


•n 
c 


o 


SELECTION GUIDE 


Hall-effect sensor 
(values specified for Ta = 25 °C) 


DEVICE 


NUMBER 
DESCRIPTION 
TEMP RANGE 
SENSITIVITY 
LINEAR RANGE 


(GAUSS) 
PACKAGES 
PAGE 


TL173C 
Linear Hall-Effect Sensor 
0°C to 70°C 
1.5 mV/Gauss 
±500 
LP.LU 
5-69 


TL173I 
Linear Hall-Effect Sensor 
-20°C to85°C 
1.5 mV/Gauss 
±500 
LP.LU 
5-69 


Hall-effect switches 
(values specified for Ta = 25 °C) 


DEVICE 


NUMBER 
DESCRIPTION 
TEMP RANGE 
SWITCHING RANGE 


(GAUSS) 


MAXIMUM 


HYSTERESIS 


(GAUSS) 


PACKAGES 
PAGE 


TL170C 
General-Purpose 
0°C to 70 °C 
+ 350 to -350 
200 
LP.LU 
5-65 


TL172C 
Normally-Off 
0°C to 70 °C 
-600 to 
- 100 
230 
LP.LU 
5-67 


TL160 
Special-Purpose 
0°C to 70°C 
Programmable 
Programmable 
LP.LU 
5-63 


sonar ranging functions 
(values specified for Ta = 25°C) 


DEVICE 


NUMBER 
DESCRIPTION 
APPLICATION 
PACKAGES 
PAGE 


TL851 
Controller Circuit 
Control integrated circuit for use in a sonar ranging module. 


Capable of driving 50-kHz transducers with a simple interface. 


N 
5-79 


TL852 
Receiver Circuit 
Receiver integrated circuit for use in a sonar ranging module. 
N 
5-83 


SN28827 
Sonar Ranging Module 
Sonar ranging module for measuring distances from a range of 


6 inches to 35 feot. J^os the TL851 
and TL852 


5-43 


floppy-disk control circuits 
(values specified for Ta = 25 °C) 


«•+ 
o" 
3 
E 


DEVICE 


NUMBER 
DESCRIPTION 
PACKAGES 
PAGE 


MC3469 
Write Controller 
N 
5-9 


MC3470 
Read-Amplifier System 
N 
5-11 


MC3471 
Write Controller and Head Driver 
N 
5-19 


TL030 
Four-Head Disk-Memory Read Amplifier 
N 
5-61 


TL712 
Disk-Memory Read-Chain Data 
JG.P 
4-63 


TL721 
Disk-Memory Read-Chain Data Comparator Compatible with MECL III and MECL 1000 
JG.P 
4-65 
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differential 


commercial 


video amplifiers 


temperature range 


SELECTION GUIDE 


(values specified for Ta = 25 °C) 


DEVICE 


NUMBER 
DESCRIPTION 
BANDWIDTH 
GAIN 
PACKAGES 
PAGE 


MC1445 
Amplifier with 2 multiplexed inputs, wide AGC range 
60 MHz 
100 Max 
J.N 
5-7 


NE592 
Amplifier with internal frequency compensation and 


adjustable/selectable gain options. 


90 MHz 
0 to 600 
N 
5-35 


NE592A 
Similar to NE592 but with tighter gain distribution. 
90 MHz 
0 to 600 
N 
5-35 


TL026 
Amplifier with a wide AGC range 
60 MHz 
100 
JG.P 
5-59 


TL592 
Similar to NE592 but in an 8-pin package. 
90 MHz 
0 to 600 
P 
5-73 


TL592A 
Similar to NE592A but in an 8-pin package. 
90 MHz 
0 to 600 
P 
5-73 


TL592B 
Low-noise version of NE592 and TL592. 
90 MHz 
0 to 600 
N.P 
5-77 


uA733C 
Amplifier with internal frequency compensation. 
200 MHz 
10. 100. 400 
J.U 
5-101 


military temperature range 
(values specified for Ta = 25 °C) 


DEVICE 


NUMBER 
DESCRIPTION 
BANDWIDTH 
GAIN 
PACKAGES 
PAGE 


MC1545 
Amplifier with 2 multiplexed inputs, wide AGC range 
60 MHz 
100 Max 
J.N 
5-7 


SE592 
Amplifier with internal frequency compensation and 


adjustable/selectable gain options. 


90 MHz 
0 to 600 
N 
5-35 


uA733M 
Amplifier with internal frequency compensation. 
200 MHz 
10. 100. 400 
J.U 
5-101 
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Special Functions 


LINEAR 
INTEGRATED 
CIRCUITS 


TYPES MC1545, MC1445 
GATE-CONTROLLED 2-CHANNEL-INPUT VIDEO AMPLIFIER 


• 
Differential Inputs and Outputs 


• 
Channel Select Time . . . 20 ns Typ 


• 
Bandwidth Typically 50 MHz 


• 
16-dB Minimum Gain 


• 
Common-Mode Rejection Typically 85 dB 


• 
Broadband Noise Typically 25 /A/ 


description 


The MC1545 and MC1445 are general-purpose, 
gated, 
dual-channel 
wideband 
amplifiers 
designed for use in video-signal mixing and 
switching. Channel selection is accomplished by 
control of the voltage level at the gate. A high 
logic level selects channel A; a low logic level 
selects channel B. The unselected channel will 
have a gain of one or less. 


The MCI 545 is characterized for operation over 
the full military operating temperature range of 


- 55 °C to 125 °C. The MC1445 is characterized 
for operation from 0°C to 70 °C. 


block diagram 


D2572, JANUARY 1980-REVISED NOVEMBER 1983 


MC1545 ... J 
DUAL-IN-LINE OR 


W FLAT PACKAGE 


MC1445 ... J 
OR N DUAL-IN-LINE PACKAGE 


ITOP VIEWI 


OUT- Ql ^14P NC 
GATE C 2 
13 J NC 
IN+ B[3 
IN- B [> 
IN+ A Cs 
IN- A [> 
OUT + C 7 


12I] NC 
11 1 NC 
103 NC 
O 
VCC + 
sD vcc- 


NC-No internal connection 


FUNCTION TABLE 


GATE INPUT 
SELECT 


H 


L 


Channel A 


Channel B 


(7) 
NONINVERTING 
OUTPUT OUT+ 


(1) 
INVERTING 
OUTPUT OUT- 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


MC1545 
MCI 445 
UNIT 
Supply voltage Vcc + (see Note 1) 
+ 12 
+ 12 
V 
Supply voltage Vcc- 'see Note 1) 
-12 
-12 
V 
Differential input voltage (see Note 2) 
• 
'•:• 
±5 
V 
Output current 
• 25 
- 
; 
mA 
Continuous total dissipation at (or below) 25 "C free-air temperature (see Note 3) 
675 
675 
mW 
Operating free-air temperature range 
-55 to 125 
0 to 75 
°C 
Storage temperature range 
- 65 to 150 
-65 to 150 
°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds | J or W package 
300 
300 
°c 
Lead temperature 1.6mm (1/16 inch) from case for 10seconds | Npackage 
260 
260 
••:.: 


NOTES: 1. Voltage values, except differential input voltage, aro with rospect to thomidpoint of Vj;c+ indVcc_. 
2. Differential inputvoltagesare moasurod at a noninverting input torminal withrespect to the appropriate inverting input torminal. 
3. For operation above 25°Cfree-air tomperature. refer to theDissipation Derating Curves. Section 2. IntheJ package. MC1545 chipsare alloy 
mounted; MC1445 chips are glass mounted. 


Copyright ; 
1983 by Texas Instruments Incorporated 
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TYPES MC1545, MC1445 
GATE-CONTROLLED 2-CHANNEL-INPUT VIDEO AMPLIFIER 


electrical characteristics at Vcc+ 
= 5 V, VcC- = -5 V, Ta = 25°C 


PARAMETER 
TEST CONDITIONS 
MC1545 
MC1445 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
Large-signal single-ended 
Ays 
voltage amplification 
f = 125 kHz. 
Vj = 20 mV 
16 
19 
21 
16 
19.5 
23 
dB 


BW 
Bandwidth 
Vj = 20 mV 
40 
50 
50 
MHz 
V|o 
Input offsot voltage 
1 
5 
7.5 
mV 
l|0 
Input offset current 
2 
2 
,.A 
l|B 
Input bias current 
15 
25 
15 
30 
„A 
Common-mode 
V|CR 
voltage range 
2:2.5 
±2.5 
V 


Vqq 
Quiescent output voltage 
0.1 
0.1 
V 
Change in quiescent 
•iVOQ 
output voltage 
Gate input change 


from 5 
V to 0 
V 
±15 
±15 
mV 


Maximum peak-to-peak 
VOPP 
. 
. 
,. 
, 
output voltage swing 
f - 50 kHz, 
RL = 1 kfl 
1.5 
2.5 
1.5 
2.5 
V 


zj 
Input impedance 
f 
= 
50 kHz 
4 
10 
3 
10 
kf? 
z0 
Output impedance 
f 
= 50 kHz 
25 
25 
1! 
........ 
Common-mode 
CMRR 
rejection ratio 
f 
= 50 kHz 
85 
85 
dB 


Broadband equivalent 
input noise voltage 


BW 
= 
5 Hz to 10 MHz. 


Rs = 50 n 
25 
25 
f»V 


High-level gate 
Vtu 
threshold voltage 
AVS(A) ^ 16 dB. AVS(B) s 0 dB 
1.5 
2.2 
1.3 
3 
V 


Low-level gate 
VTL 
threshold voltage 
AVS(B) * 16 dB. AvS(A) S 0 dB 
0.4 
0.7 
0.2 
0.4 
V 


l|H 
High-level gate current 
V| - 
5 V 
2 
4 
„A 
l|L 
Low-level gate current 
V| - 
0 
2.5 
4 
mA 


Propagation delay timo, 


low-to-high-level output 
AV| = 20 mV, 
50% to 50% 
6.5 
10 
6.5 
ns 


Propagation delay time, 
tpHI 
high-to-low-level output 
AV| - 
20 mV. 
50% to 50% 
6.3 
10 
6.3 
ns 


Transition time, 
tTI U 
low-to-high-level output 
AV| = 20 mV. 
10% to 90% 
6.5 
15 
6.5 
ns 


Transition time, 
txui 
high-to-low-level output 
AV| = 20 mV. 
10% to 90% 
7 
15 
7 
ns 


'CC+ 
Supply current from Vcc + 
No load. 
No signal 
7 
11 
7 
15 
mA 
ICC- 
Supply curront from Vcc- 
No load. 
No signal 
-7 
-11 
-7 
-15 
mA 


Pq 
Power dissipation 
No load. 
No signal 
70 
110 
70 
150 
mW 
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LINEAR 
INTEGRATED 
CIRCUITS 


TYPE MC3469 
FLOPPY-DISK WRITE CONTROLLER 


D2813. OCTOBER 1983 


Designed for Straddle-Erase Heads 


Head Selection with Current Steering 
Through Write Head and Erase Coil in Write 
Mode 


Provides High-Impedance (Read Data 
Enable) During Read Mode 


• 
Write Current (with Trimmed Internal 
Resistor and Rext = 10 kfi) ... 3 A 


• 
Write-Current Select Input Provides for 
Inner/Outer Track Compensation 


• 
Degauss Period Externally Adjustable 


• 
Specified with ±10% Logic Supply and 
Head Supply (Vbb) fro™ 10.8 V to 26.4 V 


• 
Minimizes External Component 
Requirements 


• 
Designed to be Interchangeable with 
Motorola MC3469P 


description 


The MC3469 is a write-current controller designed to provide the entire interface for straddle-erase floppy- 
disk heads. The write current can be varied over a wide range by varying the value of an external resistor 
in series with a laser-trimmed internal resistor, and inner-track compensation is provided through the 
WR CUR SEL pin. A constant write current of 3 mA is provided by a 10-kfi resistor between Vref and 
lref when WR CUR SEL is low and 4 mA (an increase of 33%) when WR CUR SELis high. Provisions are 
also made for adjusting the duration of the degaussing cycle that occurs at the end of each write operation. 


The MC3469 will be characterized for operation from 0°C to 70 ?C. 


functional block diagram 


N DUAL-IN-LINE PACKAGE 


(TOP VIEW) 


VrefC 
IrefC 
GND C 
WG L 
WD C 
R/W2 L 
R/W1 C 
WR CUR SELL 


XTTe 


15 
pCT1 
DvBb 
1CTO 
3 ERASEO 
3 COIL GND 
3 ERASE1 
J VCC 
1 HEADSEL 


fi 
c 


18) 


171 m 


WD 


TOGGLE 
SELECT 
0 
(6) _ 
W2 


t 
1 


WR CUR SEL 


Vref 
CURRENT 


SELECT 


(1) 


(2) 


SELECT 
ENABLE 


1131 ERASEO 


(4) 


I9I 


1111 ERASE1 


I1"> „™ 
___ 
WG 
116) _ 


Copyright © 1983 by Texas Instruments Incorporated 


C 
o 


o 
c 
3 
U- 
!s 
'o 
03 
Q. 
00 


PRODUCT PREVIEW 


This document contains Information on o p*oduct undor 
development. Texas Instruments rosorvas iha right lo 
changa or discontinue this product without nolka. 
Texas 
Instruments 


POST OFFICE BOX 226012 • 
DALLAS. TEXAS 75265 


5-9 


00 
"D 
CD 
O. 
§L" 


-n 
c 
3 
o 


5* 
3 


TYPE MC3469 
FLOPPY-DISK WRITE CONTROLLER 


FUNCTION TABLE 


FUNCTION 
INPUTS 
OUTPUTS 


WG 
HEADSEL 
ERASEO 
ERASE1 
CTO 
CT1 


Write Head 0 
L 
H 
L 
H 
H 
L 


Write Head 1 
L 
L 
H 
L 
L 
L 


Write disable 
H 
X 
H 
H 
NC 
NC 


L = 
Low logic lovol, 
H = 
High logic level 
X == Irrelevant, 
NC = 
Maintains previous state 


TABLE OF PIN FUNCTIONS 


SIGNATURE 
PIN 


NUMBER 
DESCRIPTION 


HEAD SEL 
9 
Selects Head 0 
or Head 1 


WG 
4 
Active-low write enable 


WD 
5 
Serial data input 


WR CUR SEL 
8 
Selects inner/outer track write current value 


Vref 
1 
Write-current external program resistor terminals 
Ire. 
2 


CTO 
14 
Totem-pole output to Head 0 center tap 


ERASEO 
13 
Open-collector erase output to Head 0 


CT1 
16 
Totem-polo output to Head 1 center tap 


ERASE1 
11 
Open-collector erase output to Head 1 


W2 
6 
Constant-current push-pull write outputs 
W1 
7 


VCC 
10 
Positive power supply 


GND 
12. 3 
Power supply return 
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LINEAR 
INTEGRATED 
CIRCUITS 


Combines All Read-Amplifier Active Circuitry 
into One Monolithic Circuit 


Guaranteed Maximum Peak Shift of 5% 


Designed to be Interchangeable with 
Motorola MC3470 


description 


The 
MC3470 
is 
a 
monolithic 
read-amplifier 
system 
containing 
all the 
active 
circuitry 
necessary for obtaining digital information from 
floppy disk storage. It is designed to accept the 
ac differential signal from the magnetic head and 
produce a digital output pulse corresponding to 
each peak of the input signal. The gain stage 
amplifies the input waveform and applies it to 
an external filter network, enabling the active 
differentiator and time domain filter to produce 
the desired output. 


The MC3470 is characterized for operation from 
0°C to 70°C. 


functional block diagram 


DIFFERENTIATOR 
INPUTS 


DIFFERENTIATOR 
COMPONENTS 


AMPLIFIER 
INPUTS 


OFFSET 
DECOUPLING 


Veer 


REGULATOR 


GAIN 
AMPLIFIER 


ACTIVE DIFFERENTIATOR 


COMPARATOR 


COMPARATOR 


ACTIVE 
DIFFERENTIATOR 


TYPE MC3470 
FLOPPY DISK READ-AMPLIFIER SYSTEM 


D2759. NOVEMBER 1983 


N DUAL-IN-LINE PACKAGE 


(TOP VIEWI 


AMPLIFIER f"C 
INPUTS \C 
OFFSET TC 
DECOUPLING \C 
c 
c 
L 


CX/RX2 
£ 9 


GND 


CX1 


CX/RX1 


CX2 


Hi} 


AMPLIFIER 


OUTPUTS 


PULSE 
GENERATOR 


CX2 - 


CX/RX2- 


ONE 
SHOT 
IMono 
( 


=11 
If 


UTi 


17 


16 


15 


14 


13 


12 


11 


10 


3 
VCC2 
11 AMPLIFIER 
1/ OUTPUTS 
jl DIFFERENTIATOR 
1J INPUTS 
3*\ DIFFERENTIATOR 
1/COMPONENTS 
3 
vCci 
3 
DATA OUTPUT 


q 
- 
PULSE 
GENERATOR 
IMono o2) 


H0> 
DATA 
OUTPUT 
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TYPE MC3470 
FLOPPY DISK READ-AMPLIFIER SYSTEM 


absolute maximum ratings over operating temperature range (unless otherwise noted) 


Supply voltage, Vcci (see Note 1) 
7 V 
Supply voltage, VCC2 
16V 
Input voltage range (amplifier inputs) 
-0.2 V to 7 V 
Output voltage, Vo (data output) 
-0.2 V to 7 V 
Operating free-air temperature range 
0°C to 70°C 
Storage temperature range 
- 65°C to 150 °C 


NOTE 1: All voltage values are with respect to network ground terminal. 


recommended operating conditions 


MIN 
NOM 
MAX 
UNIT 
Supply voltage Vcci 
4.75 
5 
5.25 
V 
Supply voltage VcC2 
10 
12 
14 
V 
Timing capacitor CX1 (see Note 2) 
150 
680 
PF 
Timing capacitor CX2 
100 
800 
pF 
Timing resistors RX1 and RX2 
1.5 
10 
kfi 


Timing ol digital section 
Monostable no. 
1 
500 
4000 
ns 
Monostable no. 2 
150 
' 00 
"> 
Operating free-air temperature. Ta 
0 
70 
°C 


NOTE 2: To minimize current transients. CX1 should be kept as small as convenient. 
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TYPE MC3470 
FLOPPY DISK READ-AMPLIFIER SYSTEM 


electrical characteristics over recommended ranges of supply voltages and operating free-air temperature 
(unless otherwise noted) 


gain amplifier section 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP' 
MAX 
UNIT 


Differential voltage 
AVD 
.... 
, 
amplification 
Vid = 5 mV rms, 
f = 200 kHz 
80 
100 
120 
V/V 


I|3 
Input bias current 
-10 
-25 
«A 


Common-mode input 
VirR 
voltage range 
THD s 
5% 


-0.1 


to 


1.5 


V 


Differential input 
V|DR 
voltage range 
THD fi 5% 
±25 
mV 


Peak-to-peak differential 
vopp 
, 
, 
„ 
output voltage 
3 
4 
V 


Common-mode 
Vrjc 
output voltage 
V| = 0 V. 
V|D = 0 V 
3 
V 


Differential output 
Von 
offset voltage 


V| = 0 V. 
V|D = 0 V, 


TA = 25°C 
0.4 
V 


Output current 


leach amplifier output) 


To ground 
-8 
mA 
From Vcci 
2.8 
4 


rj 
Input resistance 
TA = 25°C 
100 
250 
kfi 


Output resistance 
r0 
(single-ended) 
Vcci 
= 5 V, 
VCC2 • 
12 V. 
TA = 25°C 
15 
fi 


BW 
Bandwidth (3 dB) 
Vid = 2 mV rms, 
VCC1 = 5 V. 


VCC2 - 
12 V. 
TA = 25°C 
5 
MHz 


„ 
„_ 
Common-mode 
CMRR 
rejection ratio 


VCC1 
= 5 V, 
V|pP 
- 
200 mV. 
f = 100 kHz. 
Avd = 40 dB, 


TA = 25"C 


50 
dB 


Supply voltage 


rejection ratio 
aVd • i° dB^ 
TA = 25°C 


VCC1 
- 
5 ± 0.25 V. 


VCC2 = 12 V 
50 


dB 
VCC1 
= 5 V. 
VCC2 = 12 ±2V 
60 


Equivalent input 


noise voltage 


BW 
- 
10 Hz to 1 MHz. 


TA = 25°C 
15 
,<V 


active-differentiator section 


PARAMETER 
TEST CONDITIONS 
MIN 
TYPT 
MAX 
UNIT 


•sink 
Sink current at pins 12 and 13 
VOD • 
VCCI 
1 
1.4 
mA 


Peak shift 
VCCI 


V|DPP 
'cap = 


- 
5 V. 
Vcc2 = 12 V. 


= IV, 
f 
= 
250 kHz. 


500 jiA, 
See Figure 1 


5% 


rid 
Differential input resistance 
30 
kfl 


rod 
Differential output resistance 
40 
ff 


'All typical 
ire at VCC1 
=• 5 V. VCC2 
=• 
12 V. TA = 25°C. 
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TYPE MC3470 
FLOPPY DISK READ-AMPLIFIER SYSTEM 


digital section 


PARAMETER 
TEST CONDITIONS 
MIN 
TYPT 
MAX 
UNIT 
High-level output 
V°H 
voltage (pin 10) 
VCC1 = 4-?5 V. 
VCC2 = 12 V. 
lOH = -0.4 mA 
2.7 
V 


Low-level output 
Vni 
voltage (pin 10) 
VCci 
= 4.75 V. 
VCC2 
- 
12 V. 
'OL = 8 mA 
0.5 
V 


'CCl 
Supply current from Vcci 
VCci 
= 5.25 V 
35 
50 
mA 
'CC2 
Supply current from Vcc2 
VCC2 
= 14 V 
4.5 
10 
mA 


timing characteristics over recommended ranges of supply voltages and operating free-air temperature 
(unless otherwise noted) (see Figure 2) 


PARAMETER 
TEST CONDITIONS 
MIN 
TYPT 
MAX 
UNIT 


tr 
Rise time (pin 10) 
20 
ns 
t| 
Fall time (pin 10) 
25 
ns 


Timing accuracy of 


monostable no. 1 compared 


to 0.625 RX1 
• CXI 
+ 200 ns 


RX1 
- 
1.5 kQ to 10 kQ, 


CX1 
- 
150pF to 680 pF 
85% 
115% 


Timing accuracy of 


monostable no. 2 compared 


to 0.625 RX2 • CX2 


RX2 
= 1.5 kOto 10 kQ, 


CX2 = 100 pF to 800 pF 
85% 
115% 


'Alltypical values areat V^d = 5 V.VCC2 = 12 V.TA • 25"C. 
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TYPE MC3470 
FLOPPY DISK READ-AMPLIFIER SYSTEM 


PARAMETER MEASUREMENT INFORMATION 


G _TL 


T 


5V- 


12V 


0.1 jiF 
if 


f - 250 kHz 
V|-1 V 


ikn (12] 
-Wv 


(141 


(21 


(181 
111) 


VCC2 
VCC1 


DIFFERENTIATOR 
COMPONENT 


I 
DIFFERE 
( 
INPUT 


}AMPLIFI 


INPUTS 


J|5) 


TEST CIRCUIT 


-W4- 


(t, - t2) 
Peak shift 
= 
100% 
2 (t-| ♦ t2) 


VOLTAGE WAVEFORMS 


FIGURE 1-PEAK SHIFT 
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TYPE MC3470 
FLOPPY DISK READ-AMPLIFIER SYSTEM 


INPUT 


(PIN 12) 


OUTPUT 
(PIN 10) 


PARAMETER MEASUREMENT INFORMATION 


G J-L 


T 


5 V 


12 V 


•)( 
wv- 
IN 
10kn 


112) 


(14) 


(1) 


(2) 


VCC2 
VCC1 


DIFFERENTIATOR 


COMPONENT 


} 


}AMPLIFI 


INPUTS 


DIFFERENTIATOR 


WW 


TEST CIRCUIT 


•rf\_T\ 


Timing Accuracy (Mono 1) 
= 
X 100% 
1000 ns 


{ 
{ 


DATA 


OUTPUT 


(91 


(I! I 


(7) 


[200 
pF 


T 
(6) 
^p.200pF 


TEST POINT 


110)1r K • 


,15pF 
- 
- 


—H -- \4— 
-H 
«« h- 


Timing Accuracy (Mono 2) = 
X 100 ns 
200 ns 


VOLTAGE WAVEFORMS 


FIGURE 2-TIMING ACCURACY 
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TYPE MC3470 
FLOPPY DISK READ-AMPLIFIER SYSTEM 


TYPICAL CHARACTERISTICS 


NORMALIZED POWER SUPPLY CURRENT 


vs 
FREE-AIR TEMPERATURE 
1.05 


1.04 


1.03 


1.02 


1.01 


1.00 


0.99 


0.98 


0.97 


0.96 


0.95 


I 
I 
VCC1= 5 V 
vcc 2=1 IV 


10 
20 
30 
40 
50 
60 
70 
80 
Ta • Free-Air Temperature-°C 


FIGURE 3 


NORMALIZED TIME DELAY (PIN 12 TO PIN 10) 


vs 
FREE-AIR TEMPERATURE 
1.05 


1.04 


1.03 


1.02 


1.01 


1.00 


0.99 


0.98 


0.97 


0.96 


0.95 


VCC1 = 5 V 
VC Z2= 12V 


0 
10 
20 
30 
40 
50 
60 
70 
Ta = Free-AirTemperature—°C 


FIGURE 5 


80 


U 
°S '-05 
il.04 
h 
3 
1.03 


a| 1.02 
f i.oi 
| 
1.00 
3 
cc 
c 
0.99 
o 
| 
0.98 
1 0.97 


< 
a 
0.96 
en 
m 
•q 0.95 
> 


NORMALIZED VOLTAGE AMPLIFICATION 


vs 
FREE-AIR TEMPERATURE 


R is 


i 
i 
between pins 3 and 4 


f = 200 kHz 
Vcc = 5 v 
VCC2=12V 
#2^ 
^ 


~~~?'Tsoo^' 


10 
20 
30 
40 
50 
60 
70 
TA-Free-Air Temperature-°C 


FIGURE 4 


80 


VOLTAGE AMPLIFICATION (NORMALIZED) 


and PHASE SHIFT 


1.1 


1.0 


> 
2 
0.9 


£ 
0.8 


I 0.7 


O.G 


> 
0.5 


FREQUENCY 


Voltage Amplification 
(Left Scale) 


tTS 
Phase Sh 
(Right Scale) 


_ VCC1=5V 
VCC2 = 12V 
TA=25°C 


i 
'''' 


20 


40 
a; 


60L 


80' 


100 
0.1 
0.2 
0.4 
0.7 1 
2 
4 
7 
10 
20 
40 


f—Frequency—MHz 


FIGURE 6 
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TYPE MC3470 
FLOPPY DISK READ-AMPLIFIER SYSTEM 


TYPICAL APPLICATION INFORMATION 


IZT 


(2) 


)r 


(3) 


XCX1 
.7) 


(3) 
-^ 
19) 


VCC2 
VCC1 


11 
OUTPUT 1 


GAIN 


ADJUST 


OUTPUT 2 


DIFFERENTIATOR 
COMPONENTS 


T? 


(17) | 
•ii" 
-)r 


(15) 


(14) 


FILTER NETWORK 


-A/w 
• 
r>ry>r\ 
^r 
:r 


I 
J 
113) ](r 


(12) 


(10) 
DATA OUTPUT 
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LINEAR 
INTEGRATED 
CIRCUITS 


TYPE MC3471 
FLOPPY DISK WRITE CONTROLLER/HEAD DRIVER 


• 
Provides Entire Interface Between Inputs 
and the Write and Erase Heads in Floppy 
Disk Systems 


• 
Can be Used with Either Straddle-Erase or 
Tunnel-Erase Heads 


• 
Head Selection, with Current Steering 
Through Write Head and Erase Coil in Write 
Mode 


• 
Adjustable On-Chip Delay of Erase Timing 


• 
Read-Write Current Select Input Provides 
Inner/Outer Track Compensation 


• 
Minimizes Requirement for External 
Components 


• 
Direct Replacement for Motorola MC3471 


description 


D2797. NOVEMBER 1983 


N DUAL-INLINE PACKAGE 


(TOP VIEW) 


Vref Ql U20fJ CENTER TAP 1 
Iref C 2 
19 D VBB 
18] CENTER TAP 0 
17 1 ERASE 0 
16] COIL GND 
151 ERASE 1 
14 3 vCC 
13] HEAD SEL 
12lD1 
n] D2 


GND £ 3 
WRITE GATE £ 4 
WRITE DATA £ 5 
R/W2 £ 6 
R/W1 £ 7 
IRW SEL C 8 
NC C9 
INHIBIT £ 10 


NC-No internal connection 


The MC3471 is a monolithic integrated write controller/head driver designed to provide the entire interface 
between the write data and head-control inputs and the heads (write and erase) for either tunnel-erase 
or straddle-erase floppy disk systems. 


Provisions are made for selecting a range of accurately controlled write currents by varying the value of 
an external resistor connected between pins 1 and 2. Provisions for head selection during both read and 
write operations are also made. Degaussing the read/write head can be accomplished at the end of each 
write operation by a capacitor attached from pin 1 to ground; the degaussing period is controlled by the 
value of this capacitor. There are additional provisions for adjusting inner/outer track compensation, and 
the delay from write gate to erase turn-on and turn-off. 


Erase delays are controlled by driving the delay inputs D1 and D2 with standard TTL open-collector logic 
(microprocessor compatible), or by using the external RC mode in which the delay is one time constant. 


In addition, the INHIBIT output is provided to indicate when the heads are active during write, degauss, 


or erase. 


The MC3471 will be characterized for operation from 0°C to 70 °C. 


Copyright © 1983 by Tex 
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Special Functions i 


LINEAR 
INTEGRATED 
CIRCUITS 


Timing from Microseconds to Hours 


Astable or Monostable Operation 


Adjustable Duty Cycle 


TTL-Compatible Output Can Sink or 
Source up to 200 mA 


Functionally Interchangeable with the 
Signetics SE555, SE555C, SA555, NE555; 
Have Same Pinout 


description 


These devices are monolithic timing circuits 
capable of producing accurate time delays or 
oscillation. In the time-delay or monostable mode 
of operation, the timed interval is controlled by 
a single external resistor and capacitor network. 
In the astable mode of operation, the frequency 
and duty cycle may be independently controlled 
with two external resistors and a single external 
capacitor. 


The threshold and trigger levels are normally 
two-thirds and one-third, respectively, of Vcc- 
These levels can be altered by use of the control 
voltage terminal. When the trigger input falls 
below the trigger level, the flip-flop is set and the 
output goes high. If the trigger input is above the 
trigger level and the threshold input is above the 
threshold level, the flip-flop is reset and the 
output is low. The reset input can override all 
other inputs and can be used to initiate a new 
timing cycle. When the reset input goes low, the 
flip-flop 
is reset and the output goes low. 
Whenever the output is low, a low-impedance 
path is provided between the discharge terminal 
and ground. 


The output circuit 
is capable of 
sinking or 
sourcing 
current 
up 
to 
200 
milliamperes. 
Operation 
is 
specified 
for 
supplies of 
5 
to 
1 5 volts. With a 5-volt supply, output levels are 
compatible with TTL inputs. 


The SE555 and SE555C are characterized for 
operation over the full military range of - 55 °C 
to 
125°C. 
The 
SA555 
is 
characterized 
for 
operation from - 40 °C to 85 °C, and the NE555 
is characterized for operation from 0°C to 70 °C. 


TYPES SE555. SE555C, SA555, NE555 
PRECISION TIMERS 


D1669, SEPTEMBER 1973-REVISED OCTOBER 1983 


NE555. SE555. SE555C . . . JG DUAL-IN-LINE PACKAGE 


SA555, NE5B5 . . . D, JG, OR P DUAL-IN-LINE PACKAGE 


(TOP VIEW) 
gnd Qi U bQ vCc 
TRIG £ 2 
7 1 DISCH 
OUT £ 3 
6 3 THRES 
RESET £ 4 
5 ] CONT 


SE555. SE555C . . . FH OR FK CHIP CARRIER PACKAGE 


(TOP VIEW) 


Q 
O 
(J 
Z 
(J 
U 
U 
z 
o 
z 
> 
z 


3 
2 
1 20 19 
\ 
NC ]4 
18[ NC 
TRIG ] 5 
17C DISCH 
NC ]6 
16[ NC 
OUT ] 7 
15[ THRES 
NC ]8 
14[ NC 


\ 
9 
10 11 12 13 
/ 


r- 
H 
<) 
z 


UJ 


-^ 
Z 
o 
o 


z 


NC —No internal connection 


functional block diagram 


vCc 
RESET 
ICONTROL 


THRESHOLD 


^> 


R1 


R 
1 


HS 


fX 
DISCHARGE 


GND 


Reset can override Triggor, which can override Threshold. 


c 
o 
*3 
O 
c 
3 
U- 


"co 
'o 
CD 
CL 
CO 
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TYPES SE555, SE555C, SA555, NE555 
PRECISION TIMERS 


FUNCTION TABLE 


RESET 
TRIGGER 


VOLTAGE1 


THRESHOLD 


VOLTAGE' 
OUTPUT 
DISCHARGE 


SWITCH 


Low 
Irrelevant 
Irrelevant 
Low 
On 


High 
< 1/3 VDD 
Irrelevant 
High 
Off 


High 
> 1/3 VDD 
> 2/3 VDD 
Low 
On 


High 
> 1/3 VDD 
< 2/3 VDD 
As previously established 


'Voltage levels shown are nominal. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vqc (see Note 1) 
18V 
Input voltage (control voltage, reset, threshold, trigger) 
Vcc 
Output current 
±225 mA 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2) 
600 mW 
Operating free-air temperature range: SE555, SE555C 
-55°C to 125°C 
SA555 
-40°C to 85°C 
NE555 
0°C to 70°C 
Storage temperature range 
-65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: FH, FK, or JG package 
. . . 
300 °C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or P package 
260°C 


NOTES: 
1. 
All voltage values are with respect to network ground terminal. 
2. 
For operation above 25°C free-air temperature, refer to Oissipalion Derating Curves. Section 2. In tho JG package. SE555 and SE555C chips 
are alloy mounted. SA555 and NE555 chips are glass mounted. 


recommended operating conditions 


SE555 
SE555C 
SA555 
NE555 
UNIT 
MIN 
MAX 
MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


Supply voltage. Vcc 
4.5 
18 
4.5 
16 
4.5 
16 
4.5 
16 
V 


Input voltage (control voltage, 


reset.threshold, trigger) 
vcc 
vcc 
vcc 
VCC 
V 


Output current 
±200 
±200 
±200 
±200 
mA 


Operating free-air temperature, T/\ 
-55 
125 
-55 
125 
-40 
85 
0 
70 
"C 
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TYPES SE555, SE555C, SA555, NE555 
PRECISION TIMERS 


electrical characteristics at 25 °C free-air temperature, Vcc = 5 V to 15 V (unless otherwise noted) 


PARAMETER 
TEST CONDITIONS 
SE555 
SE555C. SA555 


NE555 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Threshold voltage level 
VCc 
= 15 V 
9.4 
10 
10.6 
8.8 
10 
11.2 
V 
VCc = 5 V 
2.7 
3.3 
4 
2.4 
3.3 
4.2 


Threshold current 


(see Note 3) 
30 
250 
30 
250 
nA 


Trigger voltage level 
Vcc = 15 V 
4.8 
5 
5.2 
4.5 
5 
5.6 
V 
VCC = 5 V 
1.45 
1.67 
1.9 
1.1 
1.67 
2.2 


Trigger current 
Trigger at 0 V 
0.5 
0.9 
0.5 
2 
/'A 
Reset voltage level 
0.4 
0.7 
1 
0.4 
0.7 
1 
V 


Reset curront 
Reset at Vcc 
0.1 
0.4 
0.1 
0.4 
mA 
Reset at 0 
V 
-0.4 
-1 
-0.4 
-1 


Discharge switch 


off-state current 
20 
100 
20 
100 
nA 


Control voltage 


(open circuit) 
VCc = 15V 
9.6 
10 
10.4 
9 
10 
11 
V 
VCc = 5 V 
2.9 
3.3 
3.8 
2.6 
3.3 
4 


Low-level output voltage 
VCC = 15 V 


'OL = 1° mA 
0.1 
0.15 
0.1 
0.25 


V 


IqL = 50 mA 
0.4 
0.5 
0.4 
0.75 


lOL = 100 mA 
2 
2.25 
2 
3.2 


lOL = 20° mA 
2.5 
2.5 


Vcc = 5 V 
'OL 
= 5 mA 
0.05 
0.15 
0.05 
0.25 


'OL = 8 mA 
0.1 
0.2 
0.25 
0 
3 


High-level output voltage 
VCC = 15 V 
'OH = 
- 100 mA 
13 
13.3 
12.75 
13.3 


V 
Iqh = -200 mA 
12.5 
12.5 


VCC = 5 V 
lOH 
= 
- 100 mA 
3 
3 
3 
2.75 
3.3 


Supply current 


Output low. 


No load 
Vcc = 15 V 
10 
12 
10 
15 


mA 
VCC = 5 V 
3 
5 
3 
6 
Output high. 


No load 
Vcc = 15V 
9 
10 
9 
13 


Vcc = 5 V 
2 
4 
2 
5 


NOTE 3: 
Thisparameterinfluences the maximum valueof the timing resistors RA and Rginthe circuit of Figure 13. Forexample,when Vcc at5 V the 
maximum value is R = R^ + Rg - 3.4 MQ and for Vcc • 15 V the maximum value is 10 Mi). 


operating characteristics, Vcc = 5 V and 15V 


PARAMETER 
TEST 


CONDITIONS' 


SE555 
SE555C. SA555 


NE555 
UNIT 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Initial error of 
timing interval* 


Each timer, monostable§ 
TA = 25°C 
0.5 
1.5 
1 
3 
% 
Each timer, astablct 
1.5 
2.25 
Temperature coefficient 


of timing interval 


Each timer, monostable § 
Ta = MIN 


to MAX 


30 
100 
50 
ppm/°C 
Each timer, astablet 
90 
150 
Supply voltage sensitivity 


of timing interval 


Each timer, monostable § 
TA = 25°C 
0.05 
0.2 
0.1 
0.5 
%/V 
Each timer, astablot 
0.15 
0.3 
Output pulse rise time 
CL = 15 pF, 


TA = 25°C 


100 
200 
100 
300 
i.3 
Output pulse fall time 
100 
200 
100 
300 


JFor conditions shown as MIN or MAX. use tho appropriate value specifiod under recommended operating conditions. 
•Timing interval error isdofined as tho difference between themeasured value and thenominal value computed by theformula: tw = 1.1 RaC. 
'Values specified arefor a device ina monostable circuit similar to Figure 10.with component values as follow: RA = 2 kfl to 100kfl. C = 0.1 »iF. 
"vallues specifiod are for adevice in an astable circuit similar to Figuro 1. with component values as follow: RA = 1kl! to 100 kf>. C »0.1 ?F. 
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TYPES SE555, SE555C, SA555, NE555 
PRECISION TIMERS 


LOW-LEVEL OUTPUT VOLTAGE 


LOW-LEVEL OUTPUT CURRENT 


'0L_l-o,*-L»wl Outpul Currant- 


FIGURE 1 


DROP BETWEEN SUPPLY VOLTAGE ANO OUTPUT 


HIGH-LEVEL OUTPUT CURRENT 


TA--55'C 
— 
-—* 


- 
t... 
- 
TA-2S^C_ 
-- 


s 
TA-12S'C 


vc 
-5VIOIS 
Mill 1 


1.005 


1.000 


0.995 


0S9O 


0965 


2 
4 
7 
10 
20 
40 
70100 


'OH-High-Levfl Oulpul Current-mA 


NORMALIZED OUTPUT PULSE WIDTH 


IMONOSTA8LE OPERATIONI 


SUPPLY VOLTAGE 


Vcc-Supoly Vollaot-V 


FIGURE 7 


TYPICAL CHARACTERISTICS t 


LOW-LEVEL OUTPUT VOLTAGE 


LOW LEVEL OUTPUT CURRENT 


SUPPLY CURRENT 


SUPPLY VOLTAGE 


Oulpul low 
0 
f ^y 


TA-2S'Cy 


./^ 


A 
\ 
PTA• -S5'C 


\-TA-l2S:C 


I 
8 
9 
10 
u 
12 
13 
14 
15 


Vcc-Supply Vollajf-V 


FIGURES 


NORMALIZED OUTPUT PULSE WIDTH 
(MONOSTABLE OPERATIONI 


FREE AIR TEMPERATURE 


? 1.010 
vcc-i 
V 


> 
2 
loco 
{ 
s^ 
0995 
1 
* 
0990 


I 


-75 -50 
-25 
0 
25 
50 
75 
100 
125 


Ta—Tl— Ah Ttmp*faturt-*C 


'Data for temperatures below 0°C and abovo 70°C are applicable for SE555 circuits only. 
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LOW-LEVEL OUTPUT VOLTAGE 


LOW-LEVEL OUTPUT CURRENT 


UINIUUM PULSE WIDTH REQUIRED 
FOR TRIGGERING 


LOWEST VOLTAGE LEVEL OF 
TRIGGER PULSE 


? ,2S 


c 
5 
* 
100 


2 
1 
75 


3 
50 


1 


r. 
Md 


1 


'A • -55'C, 


TA-0^£, 


TA-?5JC 


j 
HI 


rA" 


>A 


n 
i 


125"C 
1 


O.ltVce 
0.2tVcc 
0.3»VCC 
0.4.VCC 


Lowall Vollaja Lawl ol Ttigetf Pulw 


PROPAGATION DELAY TIME 


LOWEST VOLTAGE LEVEL 


OF TRIGGER PULSE 


0.t«VCC 
OJtVcc 
OJxVcc 
0.4.VCC 


Lownt Voltage Ltval of Trtgow Puha 


monostable operation 


ra: 


^ 


T 


CONT 


<| RESET 


DISCH 


THRES 


TRIG 


vcc 
(5 V to 15 VI 


vcc 


TYPES SE555. SE555C, SA555, NE555 
PRECISION TIMERS 


TYPICAL APPLICATION DATA 


Rl 


"A = 9.1 kfl 


RL = 1 kfl 


See Figure 1 ) 


NPUT VOLTAGE U 
U 


2 
•o 


> 
-1 
r 


1 


> 


OUTPUT VOLTAGE 


/ 
/ 
/ 
A 


J 
/ 
/ 
/ 
/ 
CAPACITOR VOLTAGE 
I 
I 
I 
I 
I 


FIGURE 10-CIRCUIT FOR MONOSTABLE OPERATION 


Time—0.1 ms/div 


FIGURE 11-TYPICAL MONOSTABLE WAVEFORMS 


For monostable operation, any of these timers may be connected as shown in Figure 10. If the output 
is low, applicationof a negative-going pulseto the triggerinputsets the flip-flop (Qgoes low), drives the 
output high, and turns off Q1. CapacitorCisthen chargedthroughRa until the voltageacross the capacitor 
reaches the threshold voltage of the threshold input. Ifthe trigger input has returned to a high level, the 
output of the threshold comparator will reset the flip-flop (Qgoes high),drivethe output low, and discharge 
C through Q1. 


Monostable operation 
is 
initiated when the 
trigger input voltage falls below the trigger 
threshold. Once initiated, the sequence will 
complete only if the trigger input is high at the 
end of the timing interval. 
Because of the 
threshold level and saturation voltage of Q1, the 
output 
pulse 
duration 
is 
approximately 
tw = 1.1 RaC. Figure 12 is a plot of the time 
constant for various values of Ra and C The 
threshold levels and charge rates are 
both 
directly proportional to the supply voltage, \lQC- 
The timing interval is therefore independent of 
the supply voltage, so long as the supply voltage 
is constant during the time interval. 


Applying 
a 
negative-going 
trigger 
pulse 
simultaneously to the reset and trigger terminals 
during the timing interval will discharge C and 
re-initiate the cycle, commencing on the positive 
edge of the reset pulse. The output is held low 
as long as the reset pulse is low. When the reset 
input is not used, itshould be connected to Vcc 
to prevent false triggering. 


FIGURE 12-OUTPUT PULSE DURATION vs CAPACITANCE 
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TYPES SE555, SE555C, SA555. NE555 
PRECISION TIMERS 


TYPICAL APPLICATION DATA 


astable operation 


Ra 


vcc 
(5 Vto 15 V) 


0.01 uF_I_ 
OPEN 
'T* f 
(See 
I 
-T ' 
NotoAl 


VCC 


Rb| . 


CONT 


RESET 


DISCH 


THRES 


TRIG 
GND 
"X" 


Rl 


NOTE A: Decoupling tho control voltage input to ground with a capacitor 
may improve operation. This should be evaluated for individual 
applications. 


FIGURE 13-CIRCUIT FOR ASTABLE OPERATION 


Ra -5kn 


C = 0.15uF 
- R|_ = 1 k« 
See Figure 13 


.2 


- 


> 


1 


> 
-«H- 


-«l«L- 
OUTPUT VOLTAGE 


/ 
' 
/ t~/ \ 
/ \ 
r 
y/ 
n 
/ 
\ y 
\ 


I 
I 
I 
I 
I 


Time-05 ms/div 


FIGURE 14-TYPICAL ASTABLE WAVEFORMS 


Addition of a second resistor, Rr, to the circuit of Figure 10, as shown in Figure 13, and connection of 
the trigger input to the threshold input will cause the timer to self-trigger and run as a multivibrator. The 
capacitor C will charge through Ra and Rr then discharge through Rr only. The duty cycle may be controlled, 
therefore, by the values of Ra and Rr. 


This astable connection results in capacitor C charging and discharging between the threshold-voltage 
level ( = 0.67«Vcc) ar|d the trigger-voltage level ( = 0.33«Vcc'- As in the monostable circuit, charge and 
discharge times (and therefore the frequency and duty cycle) are independent of the supply voltage. 


Figure 14 shows typical waveforms'generated during astable operation. The output high-level duration 
tH and low-level duration tL may be found by: 


tH = 0.693 (Ra + R(3> C 


tL = 0.693 (Rb) C 


Other useful relationships are shown below. 


period = tH + tL = 0.693 (Ra + 2Rfl) C 


1.44 
frequency 
(RA 
+ 2Rb) C 


tL 
Rb 
Output driver duty cycle = tH + tL = 
Ra + 2Rb 


Output waveform duty cycle = 
tH + «L 


il 
Rb 
Low-to-high ra,l° = 1h" = Ra + Rb 


Rb 
RA 
+ 2RB 


0.1 
1 
10 


C—Capacitance—u F 


FIGURE 15-FREE-RUNNING FREQUENCY 
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TYPES SE555, SE555C, SA555, NE555 
PRECISION TIMERS 


TYPICAL APPLICATION DATA 


missing-pulse detector 


Vcc (5 Vto 15 V) 
vCc = BV 


C-0.1 uF 
See Figure 16 


_> 
5 
3LTAGE 
> 


a 


o 
> 


OUTPUT VOLTAGE 
/ 
/ 
/ 
/ /I 
/ 
/ 
/ 
f 
' 
1 
/ 
' 
1 
/ 
/ 


CAPACITOR VOLTAGE 


0.01 »F 


(2) 


wi 
r 
T 


(4) 
(81 


RESET 
VCc 


OUTPUT 


DISCHARGE 


CONTROL 
VOLTAGE 
THRES 
HOLD 
GND 


Rl 


(3) 


17) 


161 


Ra 


- OUTPUT 


FIGURE 16-CIRCUIT FOR MISSING-PULSE DETECTOR 


Time-0.1 ms/div 


FIGURE 17-MISSING-PULSE DETECTOR WAVEFORMS 


The circuitshown in Figure16 may be utilized to detect a missingpulse or abnormallylong spacing between 
consecutive pulses in a train of pulses. The timing interval of the monostable circuit is continuously 
retriggered by the input pulse train as longas the pulse spacing is less than the timing interval. A longer 
pulse spacing, missing pulse, or terminated pulse train will permit the timing interval to be completed, 
thereby generating an output pulse as illustrated in Figure 17. 


frequency divider 


By adjusting the length of the timing cycle, the basic circuit of Figure 10 can be made to operate as a 
frequency divider. Figure 18 illustrates a divide-by-3 circuit that makes use of the fact that retriggering 
cannot occur during the timing cycle. 


vCc = 5 V 


C - 0.02 ^F 


Soo Figure 10 
I 


- 
l 


> 


IN 
| 


O 
> 


OUTPUT VOLTAGE 


S 
.'-l 


A 
/ 
/ 
CAPACITOR VOLTAGE 


Timo-0.1 ms/div 


FIGURE 18-DIVIDEBY-THREE CIRCUIT WAVEFORMS 
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TYPES SE555, SE555C. SA555, NE555 
PRECISION TIMERS 


TYPICAL APPLICATION DATA 


pulse-width modulation 


CLOCK 


INPUT 


MODULATION 


INPUT- 
(See Note B) 


(2) 


(5) 


VCC (5 V to 15 VI 


14)1 


RESET 


TRIGGER 


(81 


VCC 
OUTPUT 


DISCHARGE 


CONTROL 
VOLTAGE 
THRES 
HOLD 


(11 


(7) 


(Gl 


Ra 


NOTE B: The modulating signal may be diroct or capacitively coupled to 
Ihe control voltage torminal. For direct coupling, the effocts of 
modulation source voltage and impedance on the bias of the timer 
should be considered. 


FIGURE 19-CIRCUIT FOR PULSE-WIDTH MODULATION 


Time—05 ms/div 


FIGURE 20-PULSE-WIDTH MODULATION WAVEFORMS 


The operation of the timer may be modified by modulating the internal threshold and trigger voltages. This 
is accomplished by applying an external voltage (or current) to the control voltage pin. Figure 19 is a circuit 
for pulse-width modulation. The monostable circuit is triggered by a continuous input pulse train and the 
threshold voltage is modulated by a control signal. The resultant effect is a modulation of the output pulse 
width, as shown in Figure 20. A sine-wave modulation signal is illustrated, but any wave-shape could be 
used. 
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TYPES SE555, SE555C, SA555, NE555 
PRECISION TIMERS 


TYPICAL APPLICATION DATA 


pulse-position modulation 


VCC ( 5 V to 15 VI 


(4) 
(8) 
i Ra 


(2) 


RESET 


TRIGGER 


VCC 
OUTPUT 
•OUTPUT 


MODULATION 


INPUT 
(Seo Note B) 


(5) 


DISCHARGE 


CONTROL 
VOLTAGE 
THRES 
HOLD 


(1) 


(71 


(61 
Rb 


NOTEB: The modulating signal may be direct or capocitively coupled to 
the control voltago torminal. For direct coupling, tho offocts of 
modulation source voltage and impedance on tho bias of tho timer 
should be considered, 


FIGURE 21-CIRCUIT FOR PULSE-POSITION MODULATION 


Time-0.1 ms/div 


FIGURE 22-PULSE POSITION-MODULATION WAVEFORMS 


Any of these timers may be used as a pulse-position modulator as shown in Figure 21. Inthis application, 
the threshold voltage, and thereby the time delay, of a free-running oscillatoris modulated. Figure22 shows 
such a circuit, with a triangular-wave modulation signal, however, any modulating wave-shape could be 
used. 
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TYPES SE555, SE555C, SA555, NE555 
PRECISION TIMERS 


TYPICAL APPLICATION DATA 


sequential timer 


RESET 
VCC 


OUTPUT 


JRA 
33 kSI 


0.01 
uF 


121 


DISCHARGE 


CONTROL 
VOLTAGE 
THRES 
HOLD 
GND 


(1| 


CA=-10*F 
RA' 100 ki 


itarily at t • 0. 


16)1 


X 


CA 
0.01 • 
pF' 


vcc 


RESET 
VCC 


. 
OUTPUT 


DISCHARGE 


CONTROL 
VOLTAGE 
THRES 
HOLD 
GND 
f 


CB-4.7mF 
RB = 100 kll 


;rb 
33 kW 


»CB 
0.01" 
pF" 


FIGURE 23-SEQUENTIAL TIMER CIRCUIT 


RESET 
VCC 


OUTPUT 


DISCHARGE 


CONTROL 
VOLTAGE 
THRES 
HOLD 
GND 


|1| 


Cc= 14 7HF 
Rc > ioo kn 


:cc 


Many applications, such as computers, require signals for initializing conditions during start-up. Other 
applications such as test equipment require activation of test signals in sequence. These timing circuits 
may be connected to provide such sequential control. The timers may be used in various combinations 
of astable or monostable circuit connections, with or without modulation, for extremely flexible waveform 
control. Figure23 illustrates a sequencer circuitwith possible applications in many systems and Figure 24 
shows the output waveforms. 


Soo Fig uro23 


OUTP JTA 
«-twA-< 
twA* 1.1 RA«=A 


^^ 
r*" 
i 
•twB 


5 
5 
>9 


OUTPUTB 
1 »B-1.1 RbCb 


"5 


OUTPUTC 
-twC— . 
<wC• 1.1 Rc cc 


t—Time-1 s/div 


FIGURE 24-SEQUENTIAL TIMER WAVEFORMS 
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LINEAR 
INTEGRATED 
CIRCUITS 


Two Precision Timing Circuits per Package 


Astable or Monstable Operation 


TTL-Compatible Output can Sink or Source up 
to 150 mA 


Active Pull-Up or Pull-Down 


Designed to be Interchangeable with Signetics 
SE556, SE556C, SA556, IME556 


APPLICATIONS 


Precision Timer from 
Microseconds to Hours 
Sequential Timer 
Pulse-Shaping Circuit 
Pulse Generator 
Missing-Pulse Detector 
Tone-Burst Generator 
Pulse-Width Modulator 
Time-Delay Circuit 
Frequency Divider 
Pulse-Position Modulator 
Appliance Timer 
Touch-Tone Encoder 
Industrial Controls 


description 


These 
devices 
provide 
two 
monolithic, 
independent 
timing 
circuits 
of 
the 
SE555, 
SE555C, 
SA555, 
or 
NE555 
type 
in each 
package. These circuits can be operated in the 
astable or the monostable mode with external 
resistor-capacitor 
timing 
control. 
The 
basic 
timing provided by the RC time constant may be 
actively controlled by modulating the bias of the 
control voltage input. 


The threshold and trigger levels are normally 
two-thirds and one-third respectively of Vcc- 
These levels can be altered by use of the control 
voltage terminal. When the trigger input falls 
below trigger level, the flip-flop is set and the 
output goes high. If the trigger input is above the 
trigger level and the threshold input is above the 
threshold level, the flip-flop is reset and the 
output is low. The reset input can override all 
other inputs and can be used to initiate a new 
timing cycle. When the reset input goes low, the 
flip-flop is reset and the output goes low. 
Whenever the output is low, a low-impedance 
path is provided between the discharge terminal 
and ground. 


TYPES SE556, SE556C, SA556, NE556 
DUAL PRECISION TIMERS 


D2440, APRIL 1978- REVISED OCTOBER 1983 


SE556 ... J 


SE556C, SA556. NE556 ... D, J. OR N 


DUAL-IN-LINE PACKAGE 


(TOP VIEWI 


(^DISCHQi UhQvcc 
I THRESfJ 2 
13 3DISCH 
123THRES 
11 UCONT 
103 RESET 
9 ] OUT 
8 Utrig 


TIMERJ CONTC3 
#1 
| RESETfJ4 
OUT£5 
TRIG £ 6 
GND.Q 7 


SE556 . . . FH OR FK PACKAGE 


(TOP VIEWI 


CJ — 


z 
> 
* 


TIMER 
#2 


/ 
3 
2 
1 20 19 \ 


#1 CONT 


NC 


#1 RESET 


NC 


#1 OUT 


04 
]6 
]6 
]7 
]8 


18[ #2 THRES 
17[ NC 
16[ #2 CONT 
15 [ NC 
14[ #2 RESET 


\ 
9 
10 11 1213 
/ 
•—ii—ii—i 
/ 


o 
a 
u 
o 
i- 


NC-No interna 


functional block diagram (each timer) 


vcc 
reset 
[control 
?R 


THRESHOLD 


TRIGGER 


Rl 


R 
1 


S 


fX 
DISCHARGE 


Reset can override Trigger, which can override Threshold. 
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TYPES SE556, SE556C, SA556, IME556 
DUAL PRECISION TIMERS 


The SE556 and SE556C are characterized for operation over the full military range of - 55 °C to 125 °C. 
The SA556 is characterized for operation from -40°C to 85 °C, and the NE556 is characterized for 
operation from 0°C to 70°C. 


FUNCTION TABLE 


RESET 
TRIGGER 


VOLTAGE' 


THRESHOLD 


VOLTAGE' 
OUTPUT 
DISCHARGE 


SWITCH 


Lo,'. 
Irrelevant 
Irrelevant 
Low 
On 


High 
< 1/3 VDD 
Irrelevant 
High 
Of( 


High 
> 1/3 VDD 
> 2/3 VDD 
Low 
On 


High 
> 1/3 VDD 
< 2/3 VDD 
As previously established 


'Voltage levels shown are 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc 'see Note 1) 
18V 
Input voltage (control voltage, reset, threshold, trigger) 
Vcc 
Output current 
±225 mA 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2) 
600 mW 
Operating free-air temperature range: SE556, SE556C 
-55°C to 125°C 
SA556 
-40°C to 85°C 
NE556 
0°C to 70°C 
Storage temperature range 
-65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: FH, FK, or J package .... 
300°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or N package 
260 °C 


NOTES: 
1. 
All voltage values ore with rospect to network ground terminal. 
2. 
For operation above 25 °C froo-air temperature, refer to Dissipation Dorating Curves, Section 2. In the J package, SE556 and SE556C chips are 
alloy mounted. SA556 and NE556 chips are glass mounted. 


recommended operating conditions 


SE556 
SE556C 
SA556 
NE556 
UNIT 
MIN 
MAX 
MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


Supply voltage, Vcc 
4.5 
18 
4.5 
16 
4.5 
16 
4.5 
16 
V 


Input voltage (control voltage, reset, threshold, trigger) 
vcc 
vcc 
vcc 
vcc 
V 


Output current 
' 
£200 
±200 
±200 
±200 
mA 


Operating free-air temperature, T/\ 
-55 
125 
-55 
125 
-40 
85 
0 
70 
°C 
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TYPES SE556, SE556C, SA556, NE556 
DUAL PRECISION TIMERS 


electrical characteristics at 25 °C free-air temperature, Vcc = 5 V to 15 V (unless otherwise noted) 


PARAMETER 
TEST CONDITIONS 
SE556 


SE556C. SA556 


NE556 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Threshold voltage level 
VCC = 15 V 
9.4 
10 
10.6 
8.8 
10 
11.2 
V 
VCC = 5 V 
2.7 
3.3 
4 
2.4 
3.3 
4.2 


Threshold current (see Note 1) 
30 
250 
30 
250 
nA 


Triggor voltage lovel 
Vcc - 
15 V 
4.8 
5 
5.2 
4.5 
5 
5.6 
V 
VCC :" 5 V 
1.45 
1.67 
1.9 
1.1 
1.67 
2.2 


Trigger current 
Trigger at 0 V 
0.5 
0.9 
0.5 
2 
("A 


Reset voltage level 
0.4 
0.7 
1 
0.4 
0.7 
1 
V 


Reset current 
Reset at Vcc 
0.1 
0.4 
0.1 
0.4 
mA 
Reset at 0 
V 
-0.4 
-1 
0 
•'- 
- 
1 


Discharge switch off-state current 
20 
100 
20 
100 
nA 


Control voltage (open-circuit) 
VCC = 15 V 
9.6 
10 
10.4 
9 
10 
11 
V 
VCc 
= 5 V 
2.9 
3.3 
3.8 
2.6 
3.3 
4 


Low-level output voltage 
VCC • 
15 V 


Iql = 10 mA 
0.1 
0.15 
0.1 
0.25 


V 


Iql = 50 mA 
0.4 
0.5 
0.4 
0.75 


Iql = 100 mA 
2 
2.25 
' 
2 
3.2 


Iql - 
200 mA 
2.5 
2.5 


VCC = 5 V 
lOL = 5 mA 
0.05 
0.15 
0.05 
0.25 
Iql = 8 mA 
0.1 
0.2 
0.25 
0.3 


High-level output voltage 
Vcc = 15 V 
lOH = 
- 100 mA 
13 
13.3 
12.75 
13.3 


V 
Iqh = -200 mA 
12.5 
12.5 
VCC = 5 V 
Iqh = -100 mA 
3 
33 
2.75 
3.3 


Supply current 


Output low. 


No load 


VCC = 15 V 
20 
24 
20 
30 


mA 
VCC = 5 V 
6 
10 
6 
12 


Output high, 


No load 


VCc = 15 V 
18 
20 
18 
26 


VCC = 5 V 
4 
8 
4 
10 


NOTE I: This parameter influences the maximum value of the timing resistors RAand Rb m tho circuit of Figure 1. For example, when Vrr - 5 V the 
maximum value is R = RA + RB = 3.4 Ml) and lor Vcc = 15 V tho maximum value for RA + Rb = 10 Mfl. 


operating characteristics, Vcc - 
5 V and 15 V 


PARAMETER 


TEST 


CONDITIONS T 
SE556 


SE556C. SA556 


NE556 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Initial error of 
timing interval* 


Each timer, monostabloS 
TA = 25°C 


0.5 
1.5 
1 
3 


% 
Each timer, astable^ 
1.5 
2.25 


Timer 1 
— Timer 2 
±0.5 
±1 


Temperature 


coefficient of 


timing interval 


Each timer, monostable § 
TA = MIN 


to MAX 


30 
100 
50 


ppm/°C 
Each timer, astablei 
90 
150 


Timer 1 
— Timer 2 
- 10 
• 10 


Supply voltage 


sensitivity of 


timing interval 


Each timer, monostab;o§ 
TA = 25 "C 


0.05 
0.2 
0 
1 
0.5 


%/V 
Each timer, astable^ 
0.15 
0.3 


Timer 1 — Timer 2 
±0.1 
±0.2 


Output pulse rise 
time 
CL = 15 pF. 


TA 
= 25"C 


100 
200 
100 
300 
ns 


Output pulse fall time 
100 
200 
100 
300 
ns 


'For conditions showi 
'Timing interval error 
*Valuos specified aro 
•Values specifiod aro 


i as MIN or MAX, uso the appropriate value specified under recommended operating conditions. 
is defined as the difference between the moasurod value and the nominal value computed by tho formula: tw = 1.1 RAC. 
for a dovico in a monostable circuit similar to Figure 2. with componont values as follow: RA 
- 2 kfl to 100 kfl. C - 0,1 |iF. 
lor a dovico in an ostable circuit similar to Figure 1. with component values as follow: Ra 
= 
1 kfl to 100 kt). C = 0.1 ;iF. 
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TYPES SE556, SE556C, SA556, NE556 
DUAL PRECISION TIMERS 


TYPICAL APPLICATION DATA 


vCc 
(5 Vto 15 VI 


VCC 


GND 


NOTE A: 
Bypassing the control voltago input to ground 
with a capacitor may improve operation. This 
should be evaluated for individual applications. 


FIGURE 1-CIRCUIT FOR ASTABLE OPERATION 


«a: 


0.01 uF 


VCC 
(5 Vto 15 V) 


CONT 
VCC 


•Ol 
RESET 


DISCH 


THRES 


TRIG 


± 


"L 


FIGURE 2-CIRCUIT FOR MONOSTABLE OPERATION 
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LINEAR 
INTEGRATED 
CIRCUITS 


90-MHz Bandwidth 


Adjustable Gain to 400 


No Frequency Compensation Required 


Adjustable Passband 


Designed to be Interchangeable 
with Signetics SE592 and NE592 


TYPES SE592, NE592, NE592A 
DIFFERENTIAL VIDEO AMPLIFIERS 


D2667. FEBRUARY 1984 


J OR N DUAL-IN-LINE PACKAGE 


(TOP VIEW) 


IN + 
NC p2 
GAIN ADJ 2A £ 
GAIN ADJ 1AC 
VCC- L 
NCC 
OUT+ £ 7 


[]i U14Q IN- 
13 3 NC 
12 3 GAIN ADJ 2B 
11 ] GAIN ADJ IB 
10] VCC + 
9 1 NC 
8 3 OUT- 


NC—No Internal connection 
description 


These devices are monolithic two-stage amplifiers with differential inputs and differential outputs. 


Internal series-shunt feedback provides wide bandwidth,low phase distortion, and excellent gain stability. 
Emitter-follower outputs enable the devices to drive capacitive loads, and all stages are current-source 
biased to obtain high common-mode and supply-voltage rejection ratios. 


Fixed differential amplification of 100 or 400 may be selected without external components; or amplification 
may be adjusted from 0 to 400 by the use of a single external resistor connected between the gain- 
adjustment pins 1A and 1B. External frequency-compensating components are not required for any gain 
option. 


The devices are particularly useful in magnetic-tape or disc-file systems using phase or NRZ encoding and 
in high-speed thin-film or plated-wire memories. Other applications include general purpose video and pulse 
amplifiers where wide bandwidth, low phase shift, and excellent gain stability are required. 


The SE592 is characterized for operation over the full military temperature range of -55°C to 125°C. 
The NE592 and NE592A are characterized for operation from 0°C to 70°C. 


schematic 


vcc 


vcc- 


symbol 


GAIN 
. 
ADJUST | 2B 


All resistor values shown are in ohms and nominal. 


In NE592 
or SE592. Rl 
= 
500 0. R2 
= 500 0. 


In NE592A, Rl 
=600 0. R2 
• 
600 0. 
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TYPES SE592, NE592, NE592A 
DIFFERENTIAL VIDEO AMPLIFIERS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage Vcc + (see Note 1) 
8 V 
Supply voltage Vcc - 
(see Note 1) 
-8V 
Differential input voltage 
+5V 
Common-mode input voltage 
±6V 
Output current 
10 mA 
Continuous total power dissipation at (or below) 25 °C free-air temperature (see Note 2) .... 500 mW 
Operating free-air temperature range 
0°C to 70°C 
Storage temperature range 
-65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package 
300 °C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N package 
260°C 


NOTES: 1. All voltage values except differential input voltages arowith respect to the midpoint between Vcc+ andV(;c_. 
2. Foroperation above 25 °C free-air temperature, refer to DissipationDeratingCurves in Section 2. In the J package. SE592 chips are alloymounted. 
NE592 and NE592A chips are glass mounted. 


recommended operating conditions 


SE592 


NE592 


NE592A 
UNIT 


MIN 
NOM 
MAX 
MIN 
NOM 
MAX 
Supply voltage, Vcc + 
3 
6 
8 
3 
6 
8 
V 
Supply voltage. Vcc- 
3 
-6 
-8 
-3 
-6 
-8 
V 
Operating free-air temperature, T/\ 
-55 
125 
0 
70 
°c 
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TYPE SE592 
DIFFERENTIAL VIDEO AMPLIFIER 


electrical characteristics at 25°C operating free-air temperature, Vcc+ = 6 V, Vcc- = -6 V 
(unless otherwise noted) 


PARAMETER 
TEST 


FIGURE 
TEST CONDITIONS 
GAIN 


OPTION' 


SE592 
UNIT 
MIN 
TYP 
MAX 


Large-signal differential 


voltage amplification 
1 
V0PP = 3 V,' 
RL = 2 kfl 
1 
300 
400 
500 
V/V 
2 
90 
100 
110 


BW 
Bandwidth (-3 dB) 
2 
v0pp = i v 


1 
40 
MHz 
2 
90 


l|0 
Input offset current 
1.2, or 3 
0.4 
3 
pA 


l|g 
Input bias current 
1.2. or 3 
9 
20 
pA 


Common-mode 
V|CR 
input voltage range 
3 
1. 2,or3 
±1 
V 


Common-mode 
voc 
output voltage 
1 
RL = oo 
1.2. or 3 
2.4 
2.9 
3.4 
V 


Vqo 
Output offset voltage 
1 
Vio = 0. 
RL = » 


1 
1.5 


V 
2 
1 


3 
0.35 
0.75 


Maximum poak-to-peak 
vopp 
output voltage swing 
1 
RL = 2 kfl 
1, 2. or 3 
3 
4 
V 


rj 
Input resistance 
1 
4 
kl) 
2 
20 
30 


r0 
Output resistance 
20 
V. 


Cj 
Input capacitance 
2 
pF 


Common-mode 
CMRR 
rejection ratio 


3 
Vic = ± 1 V. 
f = 100 kHz 
2 
60 
86 
dB 
3 
V|C = ± 1 V, 
1 = 5 MHz 
2 
60 


Supply-voltage rejection 
kSVR 
ratio UVCC/AV,o> 
4 
AVCC_ 
• 
±0.5 V. 


AVCC- 
• 
±0.5 V 
2 
50 
70 
dB 


Broadband equivalent 


noise voltage 
4 
BW = 
1 kHz to 10 MHz 
1. 2, or 3 
12 
l'V 


Propagation 
p 
delaytime 
2 
AVn = 
1 V 
1 
7.5 
ns 
2 
6 
10 


tr 
Rise time 
2 
AV0 
= 1 V 
1 
10.5 
ns 
2 
4.5 
10 


Maximum output 
'sink(max) sink currentt 
1. 2, or 3 
3 
4 
mA 


ICC 
Supply current 
No load, 
No signal 
1. 2. or 3 
18 
24 
mA 


TThe gain option is selected as follows: 
Gain Option 1 . . Gain Adjust pin 1A is connected to | 
Gain Option 2 . . Gain Adjust pin 2A is connected to 
Gain Option 3 . . All Gain Adjust pins are open. 
: Forinterchangeability considerations it should be kept Inmind that this parameter is not guaranteed by allmajor manufacturers of SE592 as of the publication 


ol this data shoot. 


pin IB. pins 2A and 2B aro open, 
pin 2B. pins 1A and 1B are open. 
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TYPE SE592 
DIFFERENTIAL VIDEO AMPLIFIER 


electrical characteristics over recommended operating free-air temperature range, Vcc+ = 6 V, 
VcC- 
= —6 V (unless otherwise noted) 


PARAMETER 
TEST 


FIGURE 
TEST CONDITIONS 
GAIN 


OPTION' 


SE592 
UNIT 
MIN 
TYP 
MAX 
Large-signal differential 
"VD 
voltage amplification 
1 
V0pp = 3 V 
1 
200 
600 
V/V 
2 
80 
120 
l|0 
Input offset current 
! or 
2 
5 
pA 
l|g 
Input bias current 
1 or 2 
40 
pA 
Common-mode 
V|CR 
input voltago range 
3 
1 or 2 
±1 
V 


Vqo 
Output offset voltage 
1 
V|D =0. 
RL = oo 


1 
1.5 


V 
2 
1.2 


3 
1 
Maximum output voltacie 
Vnpp 
peak-to-peak swing 
1 
RL = 2 kQ 
1 or 2 
2.5 
V 


r| 
Input resistance 
2 
8 
kf! 
_.._ 
Common-mode 
CMRR 
rejection ratio 
3 
V|C - 
±1 V, 
f = 100 kHz 
2 
50 
dB 


Supply voltage rejection 
SVR 
ratio (AVcc'AV|0) 
4 
AVcc+ 
= ±0.5 V. 
AVcc- 
= ±0.5 V 
2 
50 
dB 


Maximum output 
Isink(max) sink cufI0nt 
1. 2, or 3 
2.5 
mA 


Ice 
Supply current 
1 
No load. 
No signal 
1. 2, or 3 
27 
mA 


The gain option is selected as follows: 
Gain Option 1 . -. Gain Adjust pin 1A is connected to pin IB: pins 2A and 2B are open. 
Gain Option 2 . . Gain Adjust pin 2A is connected to pin 2B: pins 1A and 1B are open. 
Gain Option 3 . . All Gain Adjust pins aro open. 
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electrical characteristics at 25°C operating free-air temperature, Vcc + = 6 V, Vcc- = -6V 
(unless otherwise noted) 


PARAMETER 
TEST 


FIGURE 
TEST CONDITIONS 
GAIN 


OPTION' 


NE592 
NE592A 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


AvD 
Large signal differential 


voltage amplification 
1 
V0pp = 3 V. 
RL = 2 kfl 
1 
250 
400 
600 
400 
440 
600 
V/V 


2 
80 
100 
120 
80 
100 
120 


BW 
Bandwidth 1 - 3 dB) 
2 
v0pp = i v 
1 
•10 
40 
MHz 
2 
90 
90 


ho 
Input offset current 
1.2, or 3 
0.4 
5 
0.4 
5 
pA 


'IB 
Input bias current 
1.2, or 3 
9 
30 
10 
30 
/"A 


V|CR 
Common-mode 


input voltage range 
3 
1.2. or 3 
±1 
±1 
V 


v0c 
Common-mode 


output voltage 
1 
RL = oo 
1.2. or 3 
2.4 
2.9 
3.4 
2.4 
2.9 
3.4 
V 


voo 
Output offset voltage 
1 
V|D = o. 
Rl = » 
1 or 2 
1.5 
1.5 
V 
3 
0.35 
0.75 
0.35 
0.75 


VfJPP 
Maximum peak-to-peak 


output voltage swing 
1 
R|_ = 2 kO 
1. 2, 
or 3 
3 
4 
3 
4 
V 


r; 
Input resistance 
1 
4 
4 
kfl 
2 
10 
30 
10 
30 


'o 
Cj 


Output resistance 


Input capacitance 
2 
2 
pF 


CMRR 
Common-mode 


rejection ratio 


3 
V|C =±1 V, 
f = 100 kHz 
2 
60 
86 
60 
86 
dB 
3 
V|c = ± 1 V. 
f = 5 MHz 
2 
GO 
60 


kSVR 
Supply-voltage rejection 


ratio IAVcC'AVio) 
4 
AVCc+ 
= ±0.5 V. 
AVcc- 
= ±0.5 V 
2 
50 
70 
50 
70 
dB 


Vn 
Broadband equivalent 


noise voltage 
4 
BW = 
1 kHz to 10 MHz 
1. 2, 
or 3 
12 
12 
,.V 


'pd 
Propagation 


delay time 
2 
AVo = 1 V 
1 
7.5 
7.5 
ns 
2 
6 
10 
6 
10 


tr 
Rise time 
2 
AV0 = 1 V 
1 
10.5 
10.5 
ns 
2 
4.5 
12 
4.5 
12 


'sink(max) 
Maximum output 


sink current* 
1. 2. or 3 
3 
4 
3 
4 
mA 


ice 
Supply current 
No load. 
No signal 
1, 2. or 3 
18 
24 
19 
24 
mA 


' The gain option is solectod as follows: 
Gain Option 1 . . Gain Adjust pin 1A is connected to pin IB, pins 2A ond 2B are open. 
Gain Option 2 . . Gam Adjust pin 2A is connected to pin 2B, pins 1A and IB are open. 
Gain Option 3 . . All Gain Adjust pins are open. 
1For interchangeability considerations itshould bokept inmind thatthis parameter isnotguaranteed byall major manufacturers ol NE592 as ofthopublication of this datasheet. 
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electrical characteristics over recommended operating free-air temperature range, Vcc+ = 6 V, VcC- = -6 
(unless otherwise noted) 


PARAMETER 
TEST 


FIGURE 
TEST CONDITIONS 
GAIN 


OPTION' 


NE592 
NE592A 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
Large-signal differential 
"VD 
voltage amplification 
1 
VoPP = 3 V 
1 
250 
600 
400 
600 
V/V 
2 
80 
120 
80 
120 
l|0 
Input offsot current 
1 or 2 
6 
6 
pA 
l|H 
Input bias current 
1 or 2 
40 
40 
».A 
Common-mode 
V|CR 
input voltago range 
3 
1 or 2 
±1 
±1 
V 


Vqo 
Output offset voltago 
1 
V|D = 0, 
RL = » 
1 or 
2 
l 
5 
1.5 
V 
3 
1 
1 
Maximum output voltage 
VQPP 
peak-to-peak swing 
1 
RL = 2 Ml 
1 or 2 
2.8 
2.8 
V 


r| 
Input resistance 
2 
8 
8 
kn 
Common mode 
CMRR 
rejection ratio 
3 
V|c = ±1 V, 
f -- 100 kHz 
2 
50 
50 
dB 


Supply voltage rejection 
k<,VR 
av" 
ratio(AVCC/AV|0I 
4 
AVcc+ 
= ±0.5 V. 
AVcc- = ±0.5 V 
2 
50 
50 
dB 


Maximum output 
<sink(max) 
sjnk curlont 
1. 2. or 3 
2.8 
4 
mA 


•CC 
Supply current 
1 
No load. 
No signal 
1. 2. or 3 
27 
27 
mA 


Tho gain option is selected as follows: 
Gain Option 1 . . Gain Adjust pin 1A is connected to pin IB; pins 2A and 2B aro open. 
Gain Option 2 . . Gain Adjust pin 2A is connected to pin 2B; pins 1A and IB aro open. 
Gain Option 3 . . All Gain Adjust pins aro open. 
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parameter measurement information 


TT 
VOD 
>RL 


v0+ 


Vq- 


v0++v0_ 
v0c = 


0.2 uF 
hs- 


0.2 pF 
Me 


-v0+ 


•v0_ 


;ikn 11kn 


TT 
V|D 
1 
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CM 


Special Functions 


LINEAR 
INTEGRATED 
CIRCUITS 


Accurate Sonar Ranging from 6 Inches to 
35 Feet 


Drives 50-kHz Electrostatic Transducer with 
No Additional Interface 


i 
Operates from Single Supply 


• 
Accurate Clock Output Provided for External 
Use 


• 
Selective Echo Exclusion 


• 
TTL-Compatible 


• 
Multiple Measurement Capability 


• 
Uses TL851 and TL852 Sonar Ranging 
Integrated Circuits 


description 


The SN28827 is an economical sonar ranging module that can drive a 50-kilohertz, 300-volt electrostatic 
transducer with no additional interface. This module, with a simple interface, is able to measure distances 
ranging from 6 inches to 35 feet. The typical absolute accuracy is ±2% at one foot or greater. 


This module has an external blanking input that allows selective echo exclusion for operation in a multiple- 
echo mode. The module is able to differentiate echos from objects that are only three inches apart. The 
digitally controlled-gain, variable-bandwidth amplifier minimizes noise and side-lobe detection in sonar 
applications. 


The module has an accurate ceramic-resonator-controlled 420-kilohertz time-base generator. An output 
based on the 420-kilohertz time base is provided for external use. The sonar transmit output is 16 cycles 
at a frequency of 49.4 kilohertz. 


The SN28827 operates over a supply voltage range of from 4.5 volts to 6.8 volts and is characterized 
for operation from 0°C to 40 °C. 


absolute maximum ratings 


Voltage from any pin to ground (see Note 1) 
7 V 
Voltage from any pin except XDCR to Vcc (see Note 1) 
-7 V to 0.5 V 
Operating free-air temperature range 
0°C to 40 °C 
Storage temperature range 
-40°C to 85 °C 


NOTE Ii Tho XDCR pin may be driven from 
- 1 volt to 300 volts typical with rospect to ground. 


TYPE SN28827 
SONAR RANGING MODULE 


D2780. OCTOBER 1983 
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TYPE SN28827 
SONAR RANGING MODULE 


recommended operating conditions 


MIN 
MAX 
UNIT 
Supply voltage, Vfjc 
4.5 
6.8 
V 
High-level input voltage, V|h 
BLNK. BINH, INIT 
2.1 
V 
Low-level input voltage, V||_ 
BLNK. BINH. INIT 
0.6 
V 
ECHO and OSC output voltage 
6.8 
V 
Delay time, power up to INIT high 
5 
ms 
Recycle period 
80 
ms 
Operating free-air temperature, T/\ 
0 
40 
°c 


electrical characteristics over recommended ranges of supply voltage and operating free-air temperature 
(unless otherwise noted) 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


Input current 
BLNK. BINH. INIT 
V| = 2.1 V 
1 
mA 
High-level output current, Iqh 
ECHO, OSC 
Vqh = 5.5 V 
100 
(•A 


Low-level output voltage. Vol 
ECHO. OSC 
'OL = 1-6 mA 
0.4 
V 


Transducer bias voltage 
TA = 25"C 
150 
V 


Transducer output voltage Ipeak-to-peak) 
TA = 25°C 
300 
V 


Number of cycles for XDCR output to reach 300 V 
C 
= 500 pF 
7 


Internal blanking interval 
2.38' 
ms 
Frequency during 16-pulsc 


transmit period 


OSC output 
49.4' 
kHz 
XMIT output 
49.4T 


Frequency after 16-pulse 


transmit period 


OSC output 
92.3' 
kHz 
XMIT output 
0 


Supply current. Ice 
During transmit period 
2000 
mA 
After transmit period 
100 


'These typical values apply for a 420-kHj ceramic resonator. 
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TYPE SN28827 
SONAR RANGING MODULE 


operation with Polaroid electrostatic transducer 
There are two basic modesof operation forthe SN28827 Sonarranging module: single-echo mode and 
multiple-echo mode. The application of power (Vcc>. the activation of the Initiate (INIT) input, and the 
resulting transmit output, and theuseoftheBlanking Inhibit (BINH) input arebasically thesame for either 
mode ofoperation. After applying power (Vcc>- a minimum of5 milliseconds mustelapsebefore the INIT 
input can betakenhigh. During thistime, all internal circuitry isresetandthe internal oscillator stabilizes. 
When INIT is taken high, drive to the Transducer XDCR output occurs. Sixteen pulses at 49.4 kilohertz 
with 300-volt amplitude will excitethe transducer as transmission occurs. Atthe endof the 16transmit 
pulses, a dc bias of 150 volts will remain onthetransducer as recommended for optimum operation by 
the transducer manufacturer. 
Inorder to eliminate ringing of the transducer from beingdetected as a return signal, the Receive (REC) 
inputof the ranging controlIC is inhibited by internal blanking for 2.38 milliseconds after the initiatesignal. 
Ifa reduced blanking time is desired, then the BINH input can be taken high to end the blanking of the 
Receive inputanytime priorto internal blanking. Thismaybe desiredto detect objects closer than 1.33 feet 
corresponding to 2.38 milliseconds and may be done if transducer damping is sufficient that ringing is 
not detected as a return signal. 


In the single-echo mode of operation (Figure 1), all that mustbe done next is to wait for the return of 
the transmitted signal, traveling at approximately 0.9 milliseconds per foot out and back. The returning 
j|2 
signal is amplified and appears as a high-logic-level echo output. Thetime between INIT going high and 
q 
the Echo (ECHO) output going high is proportional to the distance of the target from the transducer. If 
•& 
desired, the cycle can nowberepeated byreturning INIT to a low-logic level andthentaking it high when 
O 
the next transmission is desired. 
3 


vcc< 


TRANSMIT 
(INTERNAL) 


BLNK 


BINH 


IU! 


INTERNAL 
, 
BLANKING 
"W-2.38 MS- 


FIGURE 1-EXAMPLE OF A SINGLE-ECHO-MODE CYCLE WITHOUT BLANKING INPUT 


If there is more than one target and multiple echos are to be detected from a single transmission, then 
the cycle is slightly different (Figure 2). After receiving the first return signal, which causes the ECHO 
output to go high, the Blanking (BLNK) input must be taken high then back low to reset the ECHOoutput 
for the next return signal. The blanking signal must be at least 0.44 milliseconds in duration to account 
for all 16 returning pulses from the first target and allow for internal delay times. This corresponds to the 
two targets being 3 inches apart. 
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TYPE SN28B27 
SONAR RANGING MODULE 


VCC+ 


TRANSMIT 
(INTERNAL) 


BLNK 


BINH 


INTERNAL 
BLANKING 


Jl 
16 PULSES 


J~L 


n 


J~L 
J~L 


FIGURE 2-EXAMPLE OF A MULTIPLE-ECHO-MODE CYCLE WITH BLANKING INPUT 


During a cyclestarting with INIT going high, the receiver amplifier gainis incremented higher at discrete 
times (Figure 3)since thetransmitted signal isattenuated with distance. Atapproximately 38 milliseconds, 
the maximum gainisattained. Forthis reason,sufficient gain maynot be available forobjectsgreaterthan 
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TYPE SN28827 
SONAR RANGING MODULE 


35 feet away. Although gain can beincreased byvarying R1 (Figure 4), thereis a limit to which the gain 
can be increased for reliable moduleoperation.This will varyfromapplicationto application.The modules 
are "kitted" prior to their final test during manufacture. This is necessary because the desired gain 
distribution is much narrower than the module gain distribution if all were kitted with one value resistor. 
As kitted, these modules will performsatisfactorilyinmost applications. As a ruleof thumb, the gain can 
beincreased byupto a factorof4, ifrequired, byincreasing R1 correspondingly. Gain isdirectly proportional 


to R1. 


tRI IS SELECTED AT THE FACTORY. 


FIGURE 4-SCHEMATIC 


OVERALL HEIGHT IS 15.2 (0.60"l TYP 


NOTE: All dimensions are in millimeters and parenthetically in inches. 


FIGURE 5 - 
COMPONENT LAYOUT AND DIMENSIONS OF MODULE 
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TYPES TL010I, TL010C 
ADJUSTABLE-RATIO CURRENT MIRRORS 


02738. SEPTEMBER 1983 


33 Distinct Input-to-Output Emitter Ratios from 


3:1 to 1:15 


Wide Input Current Range: 
1 /*A to 3 mA 


35-Volt Output Capability 


High Output Impedance 


P DUAL-INLINE PACKAGE 


(TOP VIEWI 


INPUT £ 1 U 8 ] OUTPUT 
he C 2 
7 1oie 
I2EC3 
6 102E 
08EC4 
5 D04E 


description 


The TL010 is a Wilson current mirrorthat provides output current in a selectable fixed ratio to the input current. The 
ratioissubstantiallyindependent of changes inload,voltages, and temperature. Selectingthe ratioconsists of connecting 
appropriate input emitter pins and output emitter pins to ground as shown in Figure 1. 


The TL010 is designed to operate with up to 3 miliiamperes inputcurrent if all three input emitter pins are used. It 


will also operate at voltages up to 35 volts. 


The TL010I is characterized for operation from -40°C to 85°C. The TL010C is characterized for operation from 


0°C to 70°C. 
typical values of current ratio at Ta = 25 °C 


EMITTER RATIO 
CURRENT RATIO 


m:n* 
hF - 
lo'll 


1:15 
14.1 


1:14 
13.2 


1:13 
12.3 


1:12 
11.4 


1:11 
10.5 


1:10 
9.55 


1:9 
8.62 


1:8 
7.72 


2:15 
7.23 


1:7 
6:71 


2:13 
6.29 


EMITTER RATIO 
CURRENT RATIO 


m:n' 
hF - lo"l 


1:6 
5.78 


2:11 
5.34 


1:5 
4.82 


3:14 
4.53 


2:9 
4.38 


3:13 
4.21 


1:4 
3.89 


3:11 
3.57 


2:7 
3:40 


3:10 
3:25 


1:3 
2.90 


EMITTER RATIO 
CURRENT RATIO 
m:n' 
hF = l0"l 


3:8 
2.61 


2:5 
2.43 


3:7 
2.26 


1:2 
1.98 


3:5 
1.64 


2:3 
1.45 


3:4 
1.32 


1:1 
0.99 


3:2 
0.663 


2:1 
0.50 


3:1 
0.332 


is tho number of input emitters used, n is the number of output emitters used. 


schematic 
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TYPES TL010I, TL010C 
ADJUSTABLE-RATIO CURRENT MIRRORS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Output voltage (see Note 1) 
45 V 
Input current 
5 mA 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2) 
725 mW 
Operating free-air temperature range: TL010I 
-40°C to 85°C 
TL010C 
0°C to 70°C 
Storage temperature range 
- 65 °C to 150 °C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 
: 
260 °C 


NOTES: 1. Input and output voltages aro with respect to the common terminal.Neithervoltage should be more negative than -0.3 V. 
2. For operation abovo 25°C froo-air temperature, derate linearlyat the rate of 5.8 mW/°C 


recommended operating conditions 


TL010I 
TL010C 
UNIT 
MIN 
MAX 
MIN 
MAX 
Output voltage, Vo 
5 
35 
;> 
35 
V 
Input voltage, V| 
0.6 
1.7 
0.65 
1.6 
V 
Input current per input emitter. I| 
0.001 
1 
0.001 
1 
mA 
Operating free-air temperature. T^ 
-40 
85 
0 
70 
°C 


electrical characteristics over recommended ranges of operating free-air temperature and output voltage 
(unless otherwise noted) 


-n 
c 
3 
0 
r+ 
5' 
3 
W 
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PARAMETER 
TEST CONDITIONS' 
TL010I 
TL010C 
UNIT 
MIN 
TYP: 
MAX 
MIN 
TYP! 
MAX 


V| 
Input voltage 


I, - 
m x 1 ,.A 
1 
I 


V 
l| = m * 
10 „A 
1.1 
1.1 
lj = m x 100 (iA 
1.25 
1.25 
l| • 
m x 1 mA 
1.4 
14 


hp 
Current ratio (Iq/I|I 
Ii = MIN to MAX 


m 
n 
= 1:8 
6.97 
7.72 
8,13 
7.05 
7.72 
8.13 


... n « 
1:4 
3.61 
3.89 
4.05 
3.64 
3.89 
4.05 


m 
n 
= 1:2 
1.84 
1.98 
2.07 
1.88 
1.98 
2.07 


m 
n 
- 
1:1 
0.89 
0.99 
1.08 
0.94 
0.99 
1.04 


m 
n 
= 
2:1 
0.46 
0.50 
0.56 
0.475 
0.50 
0.525 


Temperature coefficient 
QhF 
of current ratio 
l| - 
MIN to MAX 
300 
300 
ppm/°C 


Output-to-input isolation 
l| = MIN to MAX. 
f 
= 
1 kHz 
60 
60 
dB 


Output threshold 
V°l,h' voltage^ 
1, = MIN to MAX 
TA = MIN 
1.1 
1.05 
V 
TA = 25°C 
1 
1 


r0 
Outputresistance^ 
F 
= 
1 kHz 


l| = m x 10^A 
200 m/n 
200 m/n 


Mf! 
l| - m x 100 mA 
20 m/n 
20 m/n 


l| a. m x 1 mA 
2 m/n 
2 m/n 


Maximum operating 
'max 
,frequency' 
l| - m x 1 mA. Rl = 500 Q 
10 
10 
MHz 


' m is tho number of input omitters. n is the number of output emitters. For conditions shown as MIN or MAX. use tho appropriate value specified under 
recommended operating conditions. 
5All typical valuesaro at TA • 25°C. 
sOutput threshold voltage is the voltago ot which the current ratio is equal to 90% of its value ot Vq = 15 V. 
•The output resistance is directly proportional to the number of input omitters divided by the number of output emitters Im/nl. 
» Maximum operating frequency is the frequency at which the output current is down 3 dB from its low-frequency value. 
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TYPES TL010I, TL010C 
ADJUSTABLE-RATIO CURRENT MIRRORS 


TYPICAL APPLICATION INFORMATION 


(21 
1(3) 
1(7) 
|I6) 
1(5) 
1(4) 


Soe notes 3 and 4 


FIGURE 1-CURRENT MIRROR SET FOR A CURRENT RATIO OF 2:13 


NOTES: 
3. 
Selected emitters must bo grounded as closo as possiblo to the package to avoid unstable device behavior. 
Using the fixed-Beta model, tho curront ratio for a curront mirror of m input omitters and n output emitters may bo calculated as 


Iq 
B2n + pMn +m) 


B2m ♦ IS+ 11Im+nl 


Second-order effects, such as on-chip self-hooting, may slightly perturb tho observed ratio from tho calculated value. 
4. 
At high current levels a small capacitor (270 pFI may bo required between the input and output terminals to improve stability. 


RATE OF 
FLOW 
DETECTOR 


> 


m > n 


I 


A 


HE 
I2E 
OIE 
02E 
Q4E 
08E 


(2) 
(3) 
(71 
(6) 
(5) 
(41 


181 


vCc 
RUN"< 


CT 


M 
1 • 


S}PRESSURE-TIME 
PRODUCT SETT 
„ 
„ tK 
VOLUME\^ 
SELECTOR 


*Adjust for a mirror of 11.9 


VOLUME 
CONTROL 
VALVE 
' 
RELAY r 


In this application of the TL010. the problem is to measure a precise volumo of liquid flowing through a lino and shut off the flow with a relay when tho 
limit is reached. For the particular volume to be moasurod and the pressure dotoctor used, a current gain of 11.9 is required. By sotting the TL010 for a gain 
of 10 with the omitter selection, tho oxoct gain of 11.9 may bo obtained by adjusting tho pressure-time product control. 


w 
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Special Functionsi 


LINEAR 
INTEGRATED 
CIRCUITS 


SERIES TL011, TL012. TL014, TL021 
FIXED-RATIO N-P-N CURRENT MIRRORS 


Wide Input Current Range: 
1 nA to 1 mA 


35-Volt Output Capability 


High Output Impedance 


Guaranteed Current-Ratio Tolerances over 
Full Temperature Range; 
±8% for I Suffix 
±7% for C Suffix 


Typically Less Than ±1% Error at 25°C 


TEMPERATURE 
INPUT-TO-OUTPUT CURRENT RATIO 


RANGE 
1:1 
1:2 
1:4 
2:1 


-40°C to 85°C 
TLOl 11 
TL012I 
TL014I 
TL021I 


0°C to 70 °C 
TL011C 
TL012C 
TL014C 
TL021C 


description 


D2614. NOVEMBER 1983 


LP PACKAGE 


(TOP VIEWI 


INPUT 


COMMON 


OUTPUT 


TheTLOl 1, TL012. TL014, andTL021 are Wilson current mirrors with output currents in fixed proportion to the input 
currents and substantially independent of changes in voltage, load, and temperature. These devices make use of the 
tight matching properties of identical bipolar transistors on a monolithic integrated circuit chip to achieve current-ratio 
accuracy typically better than 98%. 


Current mirrors are used extensively in linear integrated circuit designs as active loads for operational-amplifier stages 
and as current sources for other stages. The TL011 family gives the designer this same capability with no sacrifice 
in accuracy or stability. 


The TL011, TL012, and TL014 are designed to operate with input currents up to 1 milliampere and output voltage 
up to 35 volts. The TL021 is designed for 2 miliiamperes and 35 volts. 


symbols 


1>1 


I 


IN- 


COM 


1>2 


I 
ir>4 


i 
2>1 


I 
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SERIES TLOl1, TL012, TL014, TL021 
FIXED RATIO N-P-N CURRENT MIRRORS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Output voltage (see Note 1) 
45 V 
Input current 
5 mA 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2) 
775 mW 
Operating free-air temperature range: TLOl II, TL012I, TL014I, TL021I 
-40°C to 85 °C 


TL011C, TL012C, TL014C, TL021C 
0°C to 70°C 
Storage temperature range 
- 65 °C to 150 °C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 
260°C 


NOTES: 
V. Input and output voltages aro with respect to the common terminal. Neither voltage should be moro negativethan -0.3 V. 
2. 
For operation above 25°C free-air temperaturo. derate linearly at the rate of 6.2 mW/°C. 


recommended operating conditions 


TL0__l 
TL0_ _C 


UNIT 
MIN 
MAX 
MIN 
MAX 
Output voltage, Vo 
5 
35 
5 
35 
V 


Input current. Iq 
TL021 
0.002 
2 
0.002 
2 
mA 
All others 
0.001 
1 
0.001 
1 
Operating free-air temperature, T^ 
-40 
85 
0 
70 
°C 


5-54 
Texas 
Instruments 


POST OFFICE BOX 225012 • 
0ALLAS. TEXAS 75265 


electrical characteristics over recommended ranges of operating free-air temperature and output voltage (unless otherwise noted) 


PARAMETER 
TEST CONDITIONS 
TL011 
TL012 
TL014 
TL021 
UNIT 
MIN 
TYP' 
MAX 
MIN 
TYP' 
MAX 
MIN 
TYPT 
MAX 
MIN 
TYP' 
MAX 


V| 
Input voltage 


l| = 1 fA 
1 
1 
1 


V 


l| = 2 (.A 
1 


1, = 10 ^A 
1.1 
1.1 
1 
1 


l| = 20 pA 
1.1 


l| = 100,iA 
1.25 
1.25 
1.25 


l| = 200 ^A 
1.25 


l| = 1 mA 
1.4 
1.4 
1.4 


1, = 2 mA 
1.4 


hF 
Curront ratio 


(l0/l|l 


TLO_l 
l| = MIN to MAX' 
0.92 
1 
1.08 
1.84 
2 
2.16 
3.68 
4 
4.32 
0.46 
0.5 
0.54 


TLO_C 
0.93 
1 
1 07 
1.86 
2 
2.14 
3.72 
4 
4 28 
0.465 
0.5 
0.535 


"hF 
Temperature coefficient 


of current ratio 
l| - 
MIN to MAX 
50 
100 
200 
200 
ppm/°C 


Output-to-input isolation 
l, = MIN to MAX, 
f = 1 kHz 
80 
80 
80 
80 
dB 


vOlth) 


Output 


throshold 
voltage5 


TLO_l 


l| - 
MIN to MAX 


TA - 
-40°C 
1 35 
1.35 
1.35 
i 
:n, 


V 
TLO_C 
TA = 0°C 
1.25 
1.25 
1.25 
1.25 


All 
TA = 25°C 
1.2 
1.2 
1.2 
1.2 


r0 
Output resistance 
f 
= 
1 kHz 


l( - 
10 nA 
200 
100 
50 


MQ 


l| - 
20 „A 
200 


l| = 100 BA 
20 
10 
5 


l| • 
200 f.A 
20 


l| - 1 mA 
2 
1 
0.5 


l| = 2 mA 
2 


'max 
Maximum operating 


frequency! 
l| - 
MAX, 
RL = 500 n 
10 
10 
10 
10 
MHz 


'All typical values aro at TA = 25"C. 
'For tost conditions shown as MINor MAX, use the appropriate value specified under recommonded operating conditions. 
sOutput threshold voltage is the voltage at which the current ratio is equal to 90% of its value at Vq = 15 V. 
IMaximum oporating frequency is the frequency at which the output current is down 3 dB from its low frequoncy value. 
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Special Functions 
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SERIES TL011. TL012, TL014, TL021 
FIXED-RATIO N-P-N CURRENT MIRRORS 


TYPICAL CHARACTERISTICS 


TL011 


CURRENT RATIO 


FREE-AIR TEMPERATURE 


1.05 


1.04 


1.03 


1.02 
| 
1-01 
to 
cc 
~ 
1.00 
s 
I 
0.99 
o 


0.98 


0.97 


0.96 


"100 ^a- 


0.95 - 
-50 
-25 
0 
25 
50 
75 


Ta—Free-Air Temperature—°C 


FIGURE 1 


3.80 


TL014 
CURRENT RATIO 


100 


-50 
-25 
0 
25 
50 
75 
100 


T/i,—Free-Air Temperature— C 


FIGURE 3 


TL012 


CURRENT RATIO 


FREE-AIR TEMPERATURE 
2.10 


2.08 


2.06 


2.04 
| 2.02 


cc 
g 2.00 
J 1.98 


1.96 


1.94 


1.92 


1.90 


10/iA 
l| =1^A^_ 


100 u A 


1 mA 


-50 
-25 
0 
25 
50 
75 
100 


Ta—Free-Air Temperature—°C 


FIGURE 2 


TL021 


CURRENT RATIO 


FREE-AIR TEMPERATURE 


0.52 


0.51 


o 
l| = 1/iA 


CC 
i °-50 


10 )/iA 


10 uA 


CJ 


0.49 
1 mA 
\ 


0.48 


-50 
-25 
0 
25 
50 
75 
100 


Ta—Free-Air Temperature-°C 


FIGURE 4 
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SERIES TL011, TL012, TL014, TL021 
FIXED RATIO N-P-N CURRENT MIRRORS 


TYPICAL APPLICATIONS INFORMATION 


VCC 


TL011 


i>i 


i 


± 
lO 


Rl 


io = ii 


VARIATIONS IN Rl DO NOT 
AFFECT l|OR lo WHEN: 


VcC-Vo(th) 
H = io<- 
Rl 


FIGURE 5-BASIC CURRENT BUFFER 


EP = 2 mW/cm2 
+12 V 


Oto 10 V 


250 kn: 


TL014 


!f>4 
40 LiA 
TL068 


± 
L° 


TOTAL CIRCUIT POWER DISSIPATION 


Idle condition: Pq = 1.5 mW typical 
On condition: Pq = 12.5 mW typical 
10 uA from phototransistor provides a Vo swing of 10 V at 1 mA. 


FIGURE 6-PHOTOTRANSISTOR PREAMPLIFIER 


700 9. 


lO = 4 mA at Vs = 0 V 
IO = 22mAat Vs= 10 V 


FIGURE 7-TWO-WIRE LINEAR CURRENT-MODE TRANSMITTER 
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Special Functions i 


LINEAR 
INTEGRATED 
CIRCUITS 


Low Output Common-Mode Sensitivity to AGC 
Voltages 


Input and Output Impedances Independent of 
AGC Voltage 


Maximum Gain of 100 Typ 


Wide AGC Range 


3-dB Bandwidth at 60 MHz 


Other Characteristics Similar to NE592 and 
uA733 


description 
symbol 


This device is a monolithic two-stage video 
amplifier with differential inputs and outputs. 
I 


Internal feedback provides wide bandwidth, low 
.. 
phase distortion, and excellent gain stability. 
Variable gain based on signal summation 
AGC R 
provides 
large 
AGC 
control 
over 
a 
wide 
bandwidth 
with 
low 
harmonic 
distortion. 
Emitter-follower outputs enable the device to drive capacitive loads. All stages are current-source biased 
to obtain high common-mode andsupply-voltage rejection ratios. The gain of 100 may be electronically 
attenuated as muchas 50 dBat 60 MHz byapplying a controlvoltageto the AGC pins.Noexternalfrequency 
compensation components are required. 


This device is particularly useful in TV and Radio IF and RF AGC circuits, as well as magnetic-tape and 
disc-file systems where AGC isneeded. Other applications include video and pulse amplifiers where a large 
AGC range, wide bandwidth, low phase shift, and excellent gain stability are required. 


TYPE TL026 
AGC VIDEO AMPLIFIER 


D2790, OCTOBER 1983 


JG OR P 


DUAL-IN-LINE PACKAGE 


(TOP VIEW) 
IN+ Ql U 8[]lN- 
AGC£ 2 
7 lAGC REF 
VCC-C 3 
6]VCC + 
OUT+ C4 
5 lOUT- 
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Special Functionsi 


LINEAR 
INTEGRATED 
CIRCUITS 


Operates from ±6-V Supplies or 12-V 
Supply 


Head Read-Select-Diode Array 


Dual Write Current Inputs 


• 
Read Amplifier Gain Adjustable with Single 
External Resistor and Capacitor 


• 
Wide Bandwidth, Low Phase Distortion, and 
Excellent Gain Stability 


• 
High Common-Mode Rejection 


description 


The TL030 is a monolithic high-speed disk-memory 
read amplifier fabricated with bipolar Schottky process 
technology. The device consists of a diode selection 
matrix comprised of write, read, and head diodes 
preceding a video amplifier. The head read diode array 
may be externally biased to select one of four-disk 
memory heads. The resultant analog signal is then 
amplified by the read amplifier and presented as 
differential emitter-follower output voltages. The 
TL030 is characterized for operation from 0°C to 
70°C. 


functional block diagram 


vee 


TYPE TL030 
FOUR-HEAD DISK-MEMORY READ AMPLIFIER 


D2739, AUGUST 1983 


N DUAL-IN-LINE PACKAGE 


(TOP VIEWI 


WRITE AQl ^Jl6p HEAD 1A 
WRITE BQ2 
15 3 HEAD 1B 
gain select ga £ 3 
gain select gb £ 4 
veeCb 
OUTPUT A[6 
OUTPUT B£ 7 
VccCa 


14 3 HEAD 2A 


13 3 HEAD 2B 
12 3 HEAD 3A 


11 3 HEAD 3B 
10 3 HEAD 4A 
9 3 HEAD 4B 
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TYPE TL030 
FOUR-HEAD DISK-MEMORY READ AMPLIFIER 


TYPICAL APPLICATION DATA 


DATA 


INPUT{: 


HEAD 
J 
SELECT ^» BM4I_ 


113) 
READ- 


.112) 


+5V 
[[16) 
HN7.---.5 


vcc 


18) 


OQ 
.0) 


12) 
1 o 
> 


(3) 
2 c 
y 


(4) 
3 fi 
> 


„a-v<5> 
2kS2 
4 £> 3—WA- 
„w(6) ?kn 
5 Q 
3 
vw 


60 


7 fi 
ObflS-H: 


9fl> 
11 


in 


(14) 


113) 


r 
(12) 


(10) 


(3) 


(4) 


:> 


:}• 


:>• 


:}• 


+12 V 


(8) 
vcc 
WRITE 


DATA 


READ, 
DATA 


GAIN 
ECT 
}GA 
SEL 


vee 


(5)1 
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(G) 


(7) 


LINEAR 
INTEGRATED 
CIRCUITS 


• 
Magnetic-Field-Sensing Hall-Effect Input 


• 
Activated with Small, Commercially Available 
Permanent Magnets 


• 
Special Switching Thresholds are Easily 
Programmable at the Factory 


• 
Voltage Range: 4 V to 30 V 


• 
Output Compatible with All Digital 
Logic Families 


• 
This Series will be Available for Pin-for-Pin 
Compatibility 
with 
Sprague's 
UGN3013, 
UGN3019, UGN3020, UGN3030, and 
UGN3040 


description 


The TL160 series is a complete line of Hall-Effect 
switches. Each device consists of a voltage 
regulator, a Hall sensing element, amplifier, 
Schmitt trigger, and an open-collector output 
stage integrated on a single monolithic silicon 
chip. 
Operate 
and 
release 
points 
will 
be 
independently programmable at the factory. 
These switching points will be in the range of 
0 to 50 milliteslas (500 gauss). 


SERIES TL160 
SILICON HALL-EFFECT SWITCHES 


D2820. DECEMBER 1983 


LP package 


1,02 mm (0.040 in) 


0,76 mm (0.030 in) 
— 
CHIP FACE 


LU PACKAGE 


0.48 mm (0.019 in) 


0,43 mm (0.017 in) 


Li- 


OUTPUT 


GROUND 


vCc 


— 
CHIP FACE 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc 
30 V 
Output voltage 
30 V 
Output current 
30 mA 
Storage temperature range 
-65°C to 150°C 
Magnetic flux density, B 
unlimited 
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Special Functionse 


LINEAR 
INTEGRATED 
CIRCUITS 


Magnetic-Field Sensing Hall-Effect Input 


On-Off Hysteresis 


Small Size 


Solid-State Technology 


Open-Collector Output 


description 


The TL170C is a low-cost magnetically operated 
electronic switch that utilizes the Hall Effect to sense 
steady-state magnetic fields. Each circuit consists of 
a Hall-Effect sensor, signal conditioning and hysteresis 
functions, and an output transistor integrated into a 
monolithic chip. The outputs of these circuits can be 
directly 
connected 
to 
many 
different 
types 
of 
electronic components. 


The TL170C is characterized for operation over the 
temperature range of 0°C to 70°C. 


FUNCTION TABLE |TA - 25 °C) 


FLUX DENSITY 
OUTPUT 


<, -25 mT 
-25 mT < 
B < 
25 mT 


> 
25 mT 


Off 


Undefined 


On 


functional block diagram 


VCC 


SILICON 


HALL-EFFECT 


SENSOR 


SIGNAL 


CONDITIONING 


AND HYSTERESIS 


TYPETL170C 
SILICON HALL-EFFECT SWITCH 


D2408, DECEMBER 1977-REVISED NOVEMBER 1983 


LP PACKAGE 


f 
l1i 
Vcc 


[i 


GROUND 


OUTPUT 


1,02 mm (0.040 in) 


0,76 mm (0.030 in) 
- 
CHIP FACE 


LU PACKAGE 


'v LJ i 
vcc 
)nl 
GROUND 


/ 
r-l I 
IP 
OUTPUT 


0,48 mm (0.019 in) 


— CHIP FACE 
0,43 mm (0.017 in) 


V+ 


"1 


| 
OUTPUT 


I 


TTL 
RTL 


MOS 
TRANSISTORS 


SCR'S 
TRIACS 
RELAYS 


•i- GROUND 


C 
o 


O 
c 
3 
U_ 


"co 
"o 
0) 
Q. 
Cfi 
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TYPE TL170C 
SILICON HALL-EFFECT SWITCH 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supplyvoltage, Vcc (see Note 1) 
7 v 
Output voltage 
30 V 
Output current 
20 mA 
Operating free-air temperature range 
0°C to 70°C 
Storage temperature range 
- 65 °C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 
260 °C 
Magneticflux density 
unlimited 


NOTE 1. Voltage values are with respect to network ground terminal. 


electrical characteristics at specified free-air temperature, Vcc = 5 V ± 5% (unless otherwise noted) 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


BT + 
Threshold of positive-going 
magnetic flux density' 
25°C 
25 
mT§ 
0°C to 70 "C 
35 


BT- 
Threshold of negative-going 
magnetic flux density1 
25°C 
-25* 
mT5 
0°C to 70 °C 
-35* 
BT+-BT _ 
Hysteresis 
0°C to 70°C 
20 
mTJ 
'OH 
High-level output current 
V0H 
= 20 V 
0°C to 70°C 
100 
pA 
vol 
Low-level output voltage 
vcc 
4.75 V. Iql = 16 mA 
0°C to 70 °C 
0.4 
V 


'cc 
Supply current 
vCc =- 5.25 V 
Output low 
0°C to 70°C 
6 
mA 
Output high 
4 


Threshold values aro those levels olmagnetic dux denisity atwhich tho output changes state. For tho TL170C. a luvel more positive than B-]-+ cat 
thooutput to go to a lowlevel anda level more negative thanB-r-_ causestheoutput to go to a high level. See Figures 1 and2. 
5The unit of magnetic flux density in the International System of Units (SI) isthe tesla IT). The tesla isequal to one webor per square meter. Values expressed 
in milliteslas may be converted to gauss by multiplying by ten. 
'The algebraic convention, whoretho most negative limit is designated as minimum, is used in this data sheet for flux-density threshold levelsonly. 


Tho north pole of a magnet is the pole that is 
attracted by the geographical north pole. The 
north pole of 
a magnet repels tho 
north- 
seeking pole of 
a compass. 
By accepted 
magnetic convention, lines of flux omanate 


from the north polo of a magnet and enter the 
south pole. 


FIGURE 1-DEFINITION OF 


MAGNETIC FLUX POLARITY 


BlmTI 


V0H 


vo 
"on 
BT~ 
' 


i 
BT- 


1 
off 


+20 mT 


1 
' 


VOL 
BT" 
on 
vol 


BlmTI 


MAX By, 


'0 
J 3T- 
B^ 


i 
off 


1 


4 
20 mT 
*• 


' 


on 


8lmTI 


The positive-going threshold IBf») may be a negative or positive B level at which a positive-going 
Idecreasing negativeorincreasing positive! flux densityresultsinthe TL170outputturningon. Thenegative- 
goingthresholdis a positiveornegativeBlevelat whicha negative-going (decreasingpositiveor increasing 
negative) flux density results in the TL170 turning off. 


FIGURE 2-REPRESENTATIVE CURVES OF Vq vs B 
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LINEAR 
INTEGRATED 
CIRCUITS 


TYPE TL172C 
NORMALLY OFF SILICON HALL-EFFECT SWITCH 


> Magnetic-Field Sensing Hall-Effect Input 


» 
On-Off Hysteresis 


Small Size 


Solid-State Technology 


Open-Collector Output 


Normally Off Switch 


description 


The TL172C is a low-cost magnetically operated 
normally off electronic switch that utilizes the Hall 
Effect to sense the presence of a magnetic field. Each 
circuit 
consists 
of 
a 
Hall-Effect 
sensor, 
signal 
conditioning and hysteresis functions, and an output 
transistor 
integrated 
into 
a 
monolithic 
chip. 
A 
magnetic field of sufficient strength in the positive 
direction will cause the TL172C output to be in a low- 
impedance state. Otherwise the output will present 
a high impedance. The output of this circuitry 
can be connected to many different types of electronic 


components. 


The TL172C is characterized for operation over the 
temperature range of 0°C to 70 °C. 


FUNCTION TABLE 


FLUX DENSITY 
OUTPUT 


£ 
10 mT 


10 mT < 
B < 60 mT 


& 60 mT 


Off 


Undefined 


On 


functional block diagram 
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TYPE TL172C 
NORMALLY OFF SILICON HALL-EFFECT SWITCH 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc (see Note 1) 
7 v 
Output voltage 
30 V 
Output current 
20 mA 
Operating free-air temperature range 
0°C t0 70°c 
Storage temperature range 
-65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from casefor 10seconds 
260°C 
Magnetic flux density 
...... .7.7.7. .7 unlimited 


NOTE 1: Voltagovalues aro with respect to network ground torminal. 


electrical characteristics over rated operating free-air temperature range, Vqc = 5 V ± 5% 
(unless otherwise noted) 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


BT- 
Threshold of positive-going 
magnetic flux density' 
60 
mTS 


bT- 
Threshold of negative-going 
magnetic flux density' 
10 
mT§ 


Bt - - Bj _ 
Hysteresis 
23 
mT§ 
'OH 
High-level output current 
V0H = 20 V 
100 
,.A 
vol 
Low-level output voltage 
VCc = 4-75 V, 
l0L ^ 16 mA 
0.4 
V 
'CC 
Supply current 
VCC = 5.25 V 
6 
mA 


Threshold values are those levels of magnetic flux density atwhich the output changes state. For the TL172C alevel more positive than BT. causes the 
output to goto a low level, and a level more negative than Bj- causes theoutput togoto a high level. SeeFigures 1 and 2. 
The unit of magnotic flux density in the International System of Units (Sll istho tesla ITI. Tho tesla .sequal to one weber per square meter. Values expressed 
in milliteslas may be convortod to gauss by multiplying by ton. 


The north polo of a magnet is tho pole that is 
attracted by tho geographical north pole. The 
north pole 
of 
a magnet repels the north- 


seeking 
polo of 
a compass. 
By accepted 


magnetic convention, lines of 
flux emanate 
from the north pole of a magnet and enter the 


south pole. 


FIGURE 1-DEFINITION OF 


MAGNETIC FLUX POLARITY 


MAX Bt+ 


B(mT) 


FIGURE 2-REPRESENTATIVE CURVE OF Vq vs B 
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LINEAR 
INTEGRATED 
CIRCUITS 


Output Voltage Linear with Applied Magnetic 


Field 


Sensitivity Constant Over Wide 
Operating 
Temperature Range 


Solid-State Technology 


Three-Terminal Device 


Senses Static or Dynamic Magnetic Fields 


description 


The TL173I and TL173C are low-cost magnetic-field 
sensors designed to provide a linear output voltage 
proportional to the magnetic field they sense. These 
monolothic circuits incorporate a Hall element as the 
primary sensor along with a voltage reference and a 
precision amplifier. Temperature stabilization and 
internal trimming circuitry yield a device that features 
high overall sensitivity accuracy with less than 5% 
error over its operating temperature range. 


The TL173I 
is 
characterized 
for 
operation from 
-20°C to 85 °C. The TL173C is characterized for 
operation from 0°C to 70°C. 


functional block diagram 


TYPES TL173I, TL173C 
LINEAR HALL-EFFECT SENSORS 


D2526. MARCH 1979-REVISED NOVEMBER 1983 


LP PACKAGE 


1,02 mm (0.040 in) 


0,76 mm (0.030 in) 
— CHIP FACE 


LU PACKAGE 


0,48 mm (0.019 in) 


0,43 mm (0.017 in 


9VCC 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc 'see Note 1) 
25 V 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2) 
775 mW 
Operating free-air temperature range: TL173I 
-20°C to 85 °C 
TL173C 
0°C to 70°C 
Storage temperature range 
-65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 
260°C 
Magnetic flux density 
unlimited 


NOTES: 1. 
Voltage values are with rospoct to network ground terminal. 
2. 
For operation abovo 25°C froo-oir temperaturo, derate linearly at the rato of 6,2 mW/°C. 
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TYPES TL173I, TL173C 
LINEAR HALL-EFFECT SENSORS 


recommended operating conditions 


TL173I 
TL173C 
UNIT 
MIN 
NOM 
MAX 
Supply voltage. Vcc 
10.8 
12 
13.2 
10.8 
12 
13.2 
V 
Magnetic flux density, B 
= 50 
±50 
mT 


Output current, lo 
Sink 
0.5 
0.5 
mV 
Source 
-2 
-2 
Operating free-air temperature, TA 
-20 
85 
0 
70 
°C 


electrical characteristics over full range of recommended operating conditions (unless otherwise noted) 


PARAMETER 
TEST CONDITIONS' 
MIN 
TYP: 
MAX 
UNIT 
vo 
Output voltage 
lO = - 2 mA to 0.5 mA, 
B = 0 mT§. 
Ta = 25°C 


5.8 
6 
6.2 
V 
kSVS 
Supply voltage sensitivity (AViq/AVcc) 
18 
mV/V 


S 
Magnetic sensitivity (AVq/AB) 
B = -50 to 50 mT§, 
TA = 25°C 
13.5 
15 
18 
V/T5 
AS 
Magnetic sensitivity change with temperature 
ATA = 25°C to MIN or MAX 
±5 
% 
ice 
Supply current 
B = 0 mT5. 
I0 = 0 
8 
12 
mA 
'max 
Maximum operating frequency 
100 
kHz 


Forconditions shown as MIN or MAX, use the appropriate valuo specified underrecommended operating conditions, 
•Typical values aro at Vrr = 12 V and TA = 25°C. 
*Tho unit ofmagnetic flux density inthoInternational System ofUnits (Sll istheteslaIT). The teslaisequal tooneweber persquare meter. Values expressed 
in milliteslasmay be converted to gauss by multiplying by ten. e.g.. 50 millitesla - 500 gauss. 


OUTPUT VOLTAGE 


Q 
The north pole of a magnet is the pole that is 
attracted by the geographical north polo. The 


north 
pole of 
a magnet repels the north- 
seeking pole of a compass. By accepted 


magnotic convention, lines of flux omanate 
from the north pole of a magnet and ontor the 
south pole. 


FIGURE 1-DEFINITION OF 


MAGNETIC FLUX POLARITY 
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TYPES TL173I, TL173C 
LINEAR HALL-EFFECT SENSORS 


TYPICAL APPLICATION DATA 


The circuit inFigure 3 may beused to set theoutput voltage at zero field strength to exactly 6 V(using R1). and to set 
the sensitivity to exactly - 15 V/T (using R2). as depicted in Figure 4. 


COMPENSATED OUTPUT VOLTAGE 


vs 
MAGNETIC FLUX DENSITY 
012V 


OUTPUT 


FIGURE 3-COMPENSATION CIRCUIT 
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Special Functions 


LINEAR 
INTEGRATED 
CIRCUITS 


• 
8-Pin Version of 
NE592 . . . Saves Printed 
Circuit Board Space 


• 
Adjustable Gain to 400 


• 
No Frequency Compensation Required 


• 
Adjustable Passband 


description 


This device is 
a monolithic two-stage video 
amplifierwith differential inputs and differential 


outputs. 


Internal series-shunt feedback provides wide 
bandwidth, low phase distortion, and excellent 
gain stability. Emitter-follower outputs enable 
the device to drive capacitive loads. All stages 
are 
current-source 
biased 
to 
obtain 
high 
common-mode 
and 
supply-voltage 
rejection 


ratios. 


Fixed differential amplification of nominally 400 
may be selected without external components, 
or amplification may be adjusted from 0 to 
approximately400 by the use of a singleexternal 
resistor connected between the gain-adjustment 
pins 
A 
and 
B. 
No 
external 
frequency- 
compensating components are required for any 
gain option. 


The device is particularly useful in magnetic-tape 
or disc-file systems using phase or NRZ encoding 
and 
in 
high-speed 
thin-film 
or 
plated-wire 
memories. Other applications include general- 
purpose video and pulse amplifiers where wide 
bandwidth, low phase shift, and excellent gain 
stability are required. 


The TL592 and TL592A are characterized for 
operation from 0°C to 70 °C. 


TYPES TL592, TL592A 
DIFFERENTIAL VIDEO AMPLIFIERS 


D2668. NOVEMBER 1983 


P DUAL-IN-LINE PACKAGE 


(TOP VIEWI 
in+ CjTTTirhiN- 
GAIN ADJ A[2 
7 J GAIN ADJ B 
VCC-C 3 
6 I]VCC + 
0UT+ £4 
5 lOUT- 


symbol 
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TYPES TL592, TL592A 
DIFFERENTIAL VIDEO AMPLIFIERS 


schematic 


vCc- 


absolute maximum ratings over operating free-air temperature (unless otherwise noted) 
Supply voltage, Vcc+ (see Note 1) 
8 v 
Supply voltage, Vcc- (see Note 1) 
'.'.' 
-8 V 
Differential input voltage 
+5V 
Voltage range, any input 
wpr" t0v~ 
Output current 
in 
a 
„ 
10 mA 
Continuous total power dissipation 
500 mW 
Operating free-air temperature range 
0°C to 70°C 
Storage temperature range 
-65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from casefor 10 seconds 
260°C 


NOTE 1; 
All voltago values except differential input voltages are with respect to the midpoint betwoon VCCh. and Vcc_. 


recommended operating conditions 


Supply voltage. Vcc 
Supply voltage. Vfjr _ 
Operating free-air temperature. T^ 
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MIN 
NOM 
MAX 
UNIT 


V 
-3 


electricalcharacteristicsat specifiedfree-air temperature, VcC + = 6 V,Vcc - = - 6 V, RL = 2 kfi(unless otherwise noted) 


PARAMETER 
TEST 


FIGURE 
TEST CONDITIONS 
GAIN 
OPTION' 


TL592 
TL592A 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Avd 
Large-signal differential 
voltage amplification 
1 
Vopp = 3 V, Rl = 2 kQ 
25°C 
1 
250 
400 
600 
400 
440 
600 
v/v 
0°C to 70 °C 
250 
600 
400 
600 


BW 
Bandwidth 1 - 3 dB) 
2 
V0PP - 
1 V 
25DC 
1 
50 
50 


'10 
Input offset current 
25 °C 
1 or 2 
0.4 
5 
0.4 
pA 
0°C to 70°C 
6 
6 


'IB 
Input bias current 
25°C 


0°C to 70 °C 
1 or 
2 
40 
40 
pA 


V|CR 
Common-mode input 


voltage range 
3 
25°C 
1 or 2 
±1 
±1 
V 
0°C to 70°C 
±1 
±1 


voc 
Common-mode output 


voltage 
1 
RL = oo 
25 °C 
1 or 2 
2.4 
2.9 
3.4 
2.4 
2.9 
3.4 
V 


voo 
Output offset voltage 
1 
vid = o, 
Rl = °° 
25°C 
2 
0.35 
0.75 
0.35 
0.75 
V 
0°C to 70°C 
1.5 
1.5 


VOPP 
Peak-to-peak output 


voltage swing 
1 
RL = 2 kQ 
25 °C 
1 
3 
4 
3 
4 
V 
0°C to 70 °C 
2.8 
2.8 


*i 
Input impedance 
V0D = ' V, 


f 
= 
1 kHz to 10 MHz 


25°C 


0°C to 70 °C 
1 
•1 
3.6 
kQ 
3.6 
3.3 


CMRR 
Common-mode 


rejection ratio 
3 
Vic = ±1 v 


f 
= 
100 kHz 


f 
= 
5 
MHz 
25 °C 


1 
60 
60 
dB 


f 
- 
100 kHz 
0°C to 70 °C 
50 
50 


f 
- 
5 MHz 
60 
60 


kSVR 
Supply voltage rejection 


ratio (AVccVAVio) 
4 
•Wcc+ • 
±0.5 V. 
AVcc- 
= ±0-5 v 


25°C 
1 
50 
70 
50 
70 
dB 
0°C to 70°C 
50 
50 


Vn 
Broadband equivalent 


input noise voltage 
4 
BW = 
1 kHz to 10 MHz 
25 °C 
1 or 2 
12 
12 
mV 


tpd 
Propagation delay timo 
2 
AV0 = 1 V 
25°C 
2 
7.5 
7.5 
ns 


«r 
Rise time 
2 
AVo = 1 V 
25°C 
2 
10.5 


'sinklmax 
Maximum output 


sink current 
1. 2. or 3 
3 
4 
3 
4 
ma 


'cc 
Supply current 
25 °C 
1 or 2 
18 
24 
19 
24 
mA 
No load. 
0°C to 70°C 
27 
27 


Tho gain option is selectod as follows: 
Gain Option 1 . . . Gain adjust pin A is connected to pin B. 
Gain Option 2 . . . Gain adjust pins A and B aro open. 


Special Functions 
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TYPES TL592, TL592A 
DIFFERENTIAL VIDEO AMPLIFIERS 


parameter measurement information 
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FIGURE 4 


LINEAR 
INTEGRATED 
CIRCUITS 


Adjustable Gain to 400 


No Frequency Compensation Required 


Adjustable Passband 


Lower Noise . . . Less than 3 /iV 


description 


This device is a monolithic two-stage video 
amplifier withdifferential inputsanddifferential 
outputs. 
It features 
internal series-shunt 
feedback that provides wide bandwidth, low 
phase distortion, and excellent gain stability. 
Emitter-follower outputs enable the device to _ 
drive capacitive loads. All stages are current- 
source biased to obtain high common-mode and 
supply-voltage rejection ratios. 


Fixed differential amplification of 400 may be 
selected 
without 
external 
components, 
or 
amplification may be adjusted from0 to 400 by 
the use of a single external resistor connected 
between the gain-adjustment pins A and B. No 
external frequency-compensating components 
are required for any gain option. 


The device is particularly useful in magnetic-tape 
or disc-file systems that use phase or NRZ 
encoding and in high-speed thin-film or plated- 
wire 
memories. 
Other 
applications 
include 
general-purpose video and pulse amplifiers. 


The 
device achieves lower equivalent noise 
through special processing and a new circuit 
layout incorporating input transistors with low 
base resistance. 


The TL592B will be characterized for operation 
from 0°C to 70°C. 


TYPE TL592B 
DIFFERENTIAL VIDEO AMPLIFIER 


D2668. OCTOBER 1983 


N DUAL-IN-LINE PACKAGE 


(TOP VIEWI 


IN+ £ 
NCC 
NCC 
GAIN ADJ A £ 
VCC- C 
NC £ 
OUT+ £7 


\J1a3 in- 
13 3 NC 
123 NC 
11 iGAIN ADJ B 
101 Vcc + 
9TNC 
8HOUT- 


P DUAL-INLINE PACKAGE 


(TOP VIEW) 
IN+ Ql D sniN- 
GAIN ADJ AC2 
VCC- C3 
OUT+ [4 


7 3 GAIN ADJ B 
6 3 vcc + 
5 3 OUT- 


NC-No internal connection 


symbol 


GAIN 
ADJUST A 


GAIN 


ADJUST B 


OUT+ 


OUT- 
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Special Functions 


LINEAR 
INTEGRATED 
CIRCUITS 


Designed for Use with the TL852 in Sonar 
Ranging Modules Like the SIM28827 


Operates with Single Supply 


Accurate Clock Output for External Use 


Synchronous 4-Bit Gain Control Output 


Internal 1.2-V Level Detector for Receive 


TTL-Compatible 


Interfaces to Electrostatic or Piezoelectric 


Transducers 


TYPE TL851 
SONAR RANGING CONTROL 


D2760. SEPTEMBER 1983 


N DUAL-IN-LINE PACKAGE 


(TOP VIEW) 
VCC Ql UieD BLNK 
XMIT £ 7 
153 BINH 
GND £3 
GCD £4 
GCA £s 
GCB £& 
GCC £7 
RECC8 


14 3 'NIT 
13 3 F|LT 
,2 3 XTAL2 
11 3XTAL1 
10 lose 
9 3 ECHO 


description 
The TL851 isan economical digital |2L ranging control integrated circuit designed for use with the Texas Instruments 
TL852 Sonar ranging receiver integrated circuit. 
The TL851 is designed (or distance measurement from six inches to 35 feet. The device has an internal oscillator 
that uses alow-cost external ceramic resonator. With asimple interface and a420-kHz ceramic resonator, the dev.ee 


will drive a 50-kHz electrostatic transducer. 
The device cycle begins when Initiate (INIT) is taken to the high logic level. There must be at least 5ms from initial 
power up (VCC) to the first initiate signal in order for all the device internal latches to reset and for the ceramic-resonator- 
controlled oscillator to stabilize. The device will transmit a burst of 16 pulses each time INIT is taken high. 
The oscillator output (OSC) is enabled by INIT. The oscillator frequency is the ceramic resonator frequency divided 
by 8.5 for the first 16 cycles (during transmit) and then the oscillator frequency changes to the ceram.c resonator 
frequency divided by4.5 for the remainder ofthedevice cycle. 
When used with anexternal 420-kilohertz ceramic resonator, the device internal blanking disables the receive input 
(REC) for 2.38 ms after initiate to exclude false receive inputs that may be caused by transducer ringing. The internal 
blanking feature also eliminates echos from objects closer than 1.3 feet from the transducer. If it is necessary to detect 
objects closer than 1.3 feet, then the internal blanking may be shortened by taking the blanking inhibit (BINH) high, 
enabling the receive input. The blanking input (BLNK) may be used to disable the receive input and reset ECHO to 
alow logic level at any time during the device cycle for selective echo exclusion or for amult.ple-echo mode of operation. 


The device provides asynchronous 4-bit gain control output (12 steps) designed to control the gain of the TL852 
sonar ranging receiver integrated circuit. The digital gain control waveforms are shown in Figure 2with the nominal 
transition times from INIT listed in the Gain Control Output Table. 
The threshold of the internal receive level detector is 1.2 volts. The TL851q operates over asupply voltage range of 
4.5 volts to 6.8 volts andis characterized for operation from 0°C to 40°C. 
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TYPE TL851 
SONAR RANGING CONTROL 


GAIN CONTROL OUTPUT TABLE 


STEP 


NUMBER 
GCD 
GCC 
GCB 


0 
L 
L 


1 
L 
L 


2 
L 
H 


3 
L 
H 


4 
H 
L 


5 
H 
L 


6 
H 
H 


7 
H 
H 


8 
H 
L 
L 


9 
H 
L 
L 
10 
H 
L 
H 


11 
H 
L 
H 


GCA 


' This istho timo to the ond olthe indicated step and assumes a nominal 420-kH* ceramic resonator. 


functional block diagram 
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TIME (ms) FROM INITIATE! T 


2.38 ms 


5.12 ms 


7.87 ms 


10.61 ms 


13.35 ms 


16.09 ms 


18.84 ms 


21.58 ms 


27.07 ms 


32.55 ms 


38.04 ms 


INIT + 


TYPE TL851 
SONAR RANGING CONTROL 


schematics of inputs and outputs 


EQUIVALENT OF BLNK. BINH. AND 


INIT INPUTS 


INPUT 


TYPICAL OF ECHO, OSC. GCA. GCB, 
GCC, AND GCD OUTPUTS 


REF 


OUTPUT 


STEP NO. 
0 
1234567 
8 
9 
10 


INIT 
n_n_rm 


GCC 


FIGURE 1-DIGITAL GAIN CONTROL WAVEFORMS 


VCC 


XMIT 
. 
«L) 


(LI 


16 PULSES 


*4-~2.38 ms>1 


REC 
(INPUT FROMTL852) 


c 
*1.2 V 
7X 


XMIT OUTPUT 


c 


FIGURE 2-EXAMPLEOF SINGLE-ECHO-MODE CYCLE WHEN USED WITH THE 
TL852 RECEIVER AND 420-kHz CERAMIC RESONATOR 
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TYPE TL851 
SONAR RANGING CONTROL 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 
Voltage at any pinwith respect to GND 
-, c w . , ,, 
%.„,„ 
. , 
-0.5 V to 7 V 
Voltage at any pin with respect to Vqc 
-7Vt 0 5V 
Continuous power dissipation at(or below) 25 °C free-air temperature (see Note 1).... ......... 1150 mW 
Operating free-air temperature range 
0°C t 70°r 
Storage temperature range 
'.'.V.V.'.V.V.'.'.'.'.'.'.'.'.'.'.'.'.' '-65°C to°i50°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 
260°C 


NOTE 1: For operation above25°C.deratelinearly at thorateof 9.2 mW/°C 


recommended operating conditions 


Supply voltage, Vcc 
High-level input voltage, V|h 
Low-level input voltage, V|l 
Delay time, power up to INIT high 


BLNK. BINH. INIT 


BLNK. BINH. INIT 
0.6 


Operating free-air temperature.T^ 
40 


-. 
electrical characteristics over recommended ranges of supply voltage and operating free-air temperature 


c 
3 
O 
o' 
3 
C/) 


PARAMETER 
Input current 


High-level output current, Iqh 


Low-level output voltage, Vql 


On-state output current 
Internal blanking interval 


Frequency during 16-pulse transmit period 


Frequency after 16-pulse transmit period 


BLNK. BINH, INIT 


ECHO. OSC, GCA, 


GCB, GCC, GCD 


ECHO. OSC. GCA. 


GCB. GCC. GCD 


XMIT output 


REC input 


OSC output 


XMIT output 


OSC output 


XMIT output 


Supply current. Ice 
During transmit period 


After transmit period 


TEST CONDITIONS 
V| = 2.1 V 


V0H = 5.5 V 


IQL = 1-6 mA 


VQ = 1 V 


'Those typical values apply lora 420-kHz ceramic resonator 
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TYP 
MAX 


2.38' 
49.4' 
49.4' 


93.3' 


260 


pA 


mA 


ms 


kHz 


LINEAR 
INTEGRATED 
CIRCUITS 


Designed for Use with the TL851 in Sonar 
Ranging Modules Like the SN28827 


Digitally Controlled Variable-Gain 
Variable-Bandwidth Amplifier 


Operational Frequency Range of 20 kHz to 
90 kHz 


• 
TTL-Compatible 


• 
Operates from Power Sources of 4.5 V to 
6.8 V 


• 
Interfaces to Electrostatic or Piezoelectric 


Transducers 


• 
Overall Gain Adjustable with One External 
Resistor 


description 
The TL852 is an economical sonar ranging receiver integrated circuit for use with the TL851 control 
integrated circuit. Aminimum of external components is required for operation, and this amplifier easily 
interfaces to Polaroid's 50-kilohertz electrostatic transducer. An external 68-kilohm ±5% resistor from 
pin 8(Bias) to pin 16 (GND) provides the internal biasing reference. Amplifier gain can be set with aresistor 
from pin 1(G1INJ to pin 3(GADJ). Required amplifier gain will vary for different applications. Using the 
detect-level measurement circuit of Figure 1,a nominal peak-to-peak value of 230millivolts input during 
gain step 2is recommended for most applications. For reliable operation, alevel no lower than 50 millivolts 
should beused. The recommended detect level of230millivolts canbeobtained for most amplifiers with 
an R1 value between 5 kilohms and 20 kilohms. 
Digital control of amplifier gain is provided with gain control inputs on pins 12 through 15. These inputs 
must be driven synchronously (all inputs stable within 0.1 microsecond) toavoid false receive output signals 
due to invalid logic counts. This can be done easily with the TL851 control IC. Aplot showing relative 
gain for the various gain steps versus time can be seen in Figure 2. To dampen ringing of the 50-k.lohertz 
electrostatic transducer, a 5-kilohm resistor from pin 1 (GAIN) to pin 2 (XIN) is recommended. 
An external parallel combination of inductance and capacitance between pin 4 (LC) and pin 5(Vcc> provides 
an amplifier with an externally controlled gain and Q. This not only allows control of gain tocompensate 
for attenuation of signal with distance, but also maximizes noise and sidelobe rejection. Care must be taken 
toaccurately tune the L-C combination at operating frequency or gain and Qwill be greatly reduced at 


higher gain steps. 
AC coupling between stages of the amplifier is accomplished with a0.01-microfarad capacitor for proper 


biasing. 
The receive output isnormally held at a low level by aninternal 1-microampere current source. When an 
input of sufficient amplitude isreceived, the output is driven alternately by the 1-microampere discharge 
current anda 50-microampere charging current. A1000-picofarad capacitor is required from the receive 
output (pin 9) toground (pin 16) to integrate the received signal so that one or two noise pulses will not 
be recognized. 
Pin 2 (XIN) provides clamping for the transformer secondary when used for transducer transmit drive as 
shown in Figure 4 of the SN28827 data sheet. 


TYPE TL852 
SONAR RANGING RECEIVER 


D2779. NOVEMBER 19B3 


N DUAL-IN-LINE PACKAGE 


(TOP VIEW) 


1 U16D GND 
G1IN £ 
XIN £2 
GADJ £ 3 
LC £4 
vccCb 
G10UT C6 
G2IN £ 7 
BIAS £ 8 


15 3 GCD 
14 3 GCA 
13] GCB 
12 3 GCC 
11 ] NC 
10 D NC 
9D REC 


NC-No internal connection 
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TYPE TL852 
SONAR RANGING RECEIVER 


functional block diagram 


(5) 
vCc 


G2IN 
(7) 


(13) 


(12) 


(15) 


(81 


0.7 V- 


(II 


(31 


(4) 


(2) 


VCC-2.1 V—I + 


GAIN 
CONTROL 


REG REF 


50 «A 


1 


(91 
- 
REC 


1 M 


(Gl 


1 
schematic of gain control inputs 


(16) 
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TYPE TL852 
SONAR RANGING RECEIVER 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 
Voltage at any pin with respect to GND 
"7I/t 05V 
Voltage at any pin with respect to Vcc 
°_ ' 
. 
XIN input current (50% duty cycle) 
!' "V, " '.;, 
iikn „tS 
Continuous power dissipation at (or below) 25°C free-air temperature (see Note 1) .••-r "^' m™ 
Operating free-air temperature range 
_6r;oC t0t015o°C 
Storage temperature range 
°° 
ordt 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 


NOTE 1: Foroperation abovo25°C, derate linearly at the rate of 9.2 mW/"C. 


recommended operating conditions 


UNIT 


Supply voltage, Vcc 
6.8 


High-level input voltage. V|h 


Low-level input voltage. V||_ 
GCA. GCB. GCC GCD 
0.6 


Bias resistor between pins 8 and 16 
Operation Iree-air temperature, T/^ 


electrical characteristics over recommended ranges of supply voltage and operating free-air temperature 
(Ta = 0°C to40°C) 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 


2.5 


UNIT 


Input clamp voltage at XIN 
l| = -40 mA 
-1.5 
V 


Open-circuit input voltage 


at GCA. GCB, GCC. GCD 
Vcc = 5 V. 
I| = 0 
2.5 
V 


High-level input current, I|h. 


into GCA, GCB, GCC. GCD 
Vcc - 5 V, 
V|H = 2 V 
-0.5 
mA 


Low-level input current. I|l. 


into GCA. GCB. GCC. GCD 
VCc • 5 V. 
V|L = 0 
-3 
mA 


Receive output current 
lG2|N - -100,,A. 
V0 = 0.3 V 
1 
,,A 
•G2IN 
• 100,.A. 
V0 = 0.1 V 
-50 


Supply current. Ice 
mA 


CO 
C 
o 
"3 
O 
C 
3 
Li- 


15 
"o 
03 
Cl 
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TYPE TL852 
SONAR RANGING RECEIVER 


TYPICAL APPLICATION INFORMATION 
detect level vs gain step 


Detect level is measured by applying a 15-cycle burst of 49.4 kilohertz square wave just after the beginning 
of the gam step tobe tested. The least burst amplitude that makes the REC pin reach the trip level is defined 
to bethedetect level. System gain isthen inversely proportional to detect level. Seethetest circuit in 
Figure 1. 


15-CYCLE 
49.4 kHz 
VARIABLE- 
AMPLITUDE 
BURST GENERATOR 


ALL RESISTORS ±1%, V.WATT 


ALL CAPACITORS ±1%, FILM 


LI Q > 60 at 50 kHz 


Cl Q> 500 at 50 kHz 


INPUT 
SIGNAL 


REC 


OUTPUT 


COMPARATOR 


OUTPUT 


vcc 


TRIP LEVEL- 


FIGURE 1-DETECT-LEVEL MEASUREMENT CIRCUIT AND WAVEFORMS 
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TYPE TL852 
SONAR RANGING RECEIVER 


TYPICAL APPLICATION INFORMATION 


GAIN STEP TABLE 


GCD 
GCC 
GCB 
GCA 
STEP 


NUMBER 


L 
L 
L 
L 
0 


L 
L 
L 
H 
1 


L 
L 
H 
L 
2 


L 
L 
H 
H 
3 


L 
H 
L 
L 
4 


L 
H 
L 
H 
5 


L 
H 
H 
L 
6 


L 
H 
H 
H 
7 


H 
L 
L 
L 
8 


H 
L 
L 
H 
9 


H 
L 
H 
L 
10 


H 
L 
H 
H 
1 1 


RECEIVER GAIN 


vs 
GAIN STEP NUMBERS 


100 


40 


20 


10 


4 


2 


1 
o.y 


0.4 


9 
10 
11 
3 
4 
5 
6 
7 


Gain Steps 


CO 
C 
o 
"3 
O 
c 
3 
LL 


.2 
'5 
CD 
Q. 
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Special Functions 


LINEAR 
INTEGRATED 
CIRCUITS 


Very Low Power Consumption ... 1 mW 
Typ at VdD = 5 V 


Capable of Very-High-Speed Operation 
Typically 2 MHz in Astable Mode 


Complementary MOS Output Capable of 
Swinging Rail-to-Rail 


High Output-Current Capability 
Sink 100 mA Typ 
Source 10 mA Typ 


Output Fully CMOS-, TTL-, and 
MOS-Compatible 


Low Supply Current Reduces Spikes During 
Output Transitions 


High Impedance Inputs . . . 1012 p. jyp 


Single-Supply Operation from 1 to 18 Volts 


Functionally Interchangeable with the 
Signetics NE555; has Same Pinout 


description 


The TLC551 is a monolithic timing circuit fabricated 
using Tl's LinCMOS™ process. Due to its high- 
impedance inputs (typically 1012 0), it is capable of 
producing accurate time delays and oscillations while 
using less-expensive, smaller timing capacitors than 
the NE555. Like the NE555 , the TLC551 achieves 
both monostable (using one resistor and one capacitor) 
and astable (using two resistors and one capacitor) 
operation. 
In addition, 
50% 
duty 
cycle astable 
operation is possible using only a single resistor and 
one capacitor. The LinCMOS™ process allows the 
TLC551 to operate at frequencies up to 2 MHz and 
be fullycompatible with CMOS, TTL,and MOS logic. 
It also provides very low power consumption (typically 
1 mW at Vdd = 5 V) over a wide range of supply 
voltages ranging from 1 volt to 18 volts. 


Thethreshold andtrigger levels arenormally two-thirds andone-third respectively ofVdd- Theselevels canbealtered 
byuseof the control voltage terminal. When the trigger input falls below the trigger level, the flip-flop isset and the 
output goes high. If the trigger input is above the trigger leveland the threshold input is above the threshold level, 
the flip-flop is reset and the output is low. The reset input can override all other inputs and can be used to initiate 
a new timing cycle.Whenthe reset inputgoes low.the flip-flop is reset and the output goes low.Wheneverthe output 
is low, a low-impedance path is provided between the discharge terminal and ground. 


While the CMOS output is capable of sinking over 100 mAand sourcingover 10 mA, the TLC551 exhibits greatly 
reduced supply current spikes during output transitions. This minimizesthe need for the large decoupling capacitors 


required by the NE555. 


The TLC551C is characterized for operation from 0°C to 70°C. 


TYPE TLC551C 
LinCMOSTM TIMER 


02791. FEBRUARY 1984 


D. JG. OR P 


DUAL-IN-LINE PACKAGE 


{TOP VIEWI 
GNDHi U 8QVDD 
TRIGC 2 
7 Ddsch 
OUTC 3 
6 3 THRES 
RESET £ 4 
5 3 CONT 


functional block diagram 


Vdd 


THRESHOLD 


Reset can override Trigger, which can ove 
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TYPE TLC551C 
LinCMOS™ TIMER 


FUNCTION TABLE 


RESET 
TRIGGER 


VOLTAGE' 


THRESHOLD 


VOLTAGE' 
OUTPUT 
DISCHARGE 


SWITCH 
Low 
Irrelevant 
Irrelevant 
Low 
On 
High 
< 1/3 VDD 
Irrelevant 
High 
Off 
High 
> "3 VDD 
> 2/3 VDD 
Low 
On 
High 
> 1/3 VDD 
< 2/3 VDD 
As previously established 


'Voltages levels shown ate nominal. 


absolute maximum ratings over operating free-airtemperature range (unless otherwise noted) 


Supply voltage, Vdd (see Note 1) 
18V 
Input voltage range (any input) 
_0.3 V to 18 V 
Continuous total dissipation at (or below) 25 °C free-air temperature (see Note 2) 
600 mW 
Operating free-air temperature range 
0°C to 70°C 
Storage temperature range 
—65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package 
300°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or P package 
260°C 


NOTES: 1. Allvoltage values are with respect to netwotk ground terminal. 
2. Foroperation above 25°C free-air temperature, refer to Dissipation DeratingCutves. Section 2. 


-— 
Tl 
3lectrical characteristics at 25°C free-air temperature, Vqd = 1 V to 15 V (unless otherwise noted) 


C 
3 
O 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 
Threshold voltage level as a 
percentage of supply voltage 
66.7% 


o 
3 
(A 


Threshold current 
VDD = 5 V 
10 
pA 
Trigger voltage level as a 


percentage of supply voltage 
33.3% 
wn 
Trigger current 
vDd = 5 v 
10 
pA 
u 
Reset voltage level 
0.7 
V 
•M 
Reset current 
vDD = 5 v 
±10 
PA 
Control voltage (open-circuit) as a 
percentage of supply voltage 
66.7% 


Low-level output voltage 
Vdd = isv 


lOL " 
1° mA 
0.1 


V 


lOL " 50 mA 
0.5 


lOL r 1°0 mA 
1 


VDD = 5 V 
Iql = 5 mA 
0.1 


l0L 
• 8 mA 
0.16 


High-level output voltage 
vDd = isv 


lOH = 
- 1 mA 
14.8 


V 


lOH = - 5 mA 
14 


'OH " 
~ 10 mA 
12.7 


vDd = 5 v 
lOH 
- 2 mA 
4 


'OH 
= 
- 1 mA 
4.5 


Supply current 
vDd = 15v 
360 
"A 
vDd = 5 v 
170 
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operating characteristics, Vqd = 1-2 v< TA = 25°c (unless otherwise noted) 


TYPETLC551C 
LinCMOS™ TIMER 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


Initial error of timing interval 
VDd = 1 V to 15 V. 
ra = rb = i kn to 100 kn, 
Ct = 0.1 iif. 
See Note 1 


1% 


Supply voltage sensitivity 


of timing interval 
0.1 
%/V 


Output pulse rise time 
RL = 10 MO. 
CL = 10 pF 
20 
ns 
Output pulse fall time 
20 


Maximum frequency in 


astablo mode 


RA = 470 0, 
Rb = 200 0. 
Ct = 200 pF. 
See Note 1 
2.1 
MHz 


NOTE t! Ra. Rb. and Cj are as defined in Figure 1. 


RA=4kn 


TYPICAL APPLICATION DATA 


VDD = 15V 


0.1UF-I— , , 
OPEN 
"X 


(51 


(71 


CONT 


RESET 


DISCH 


(81 
RL-ikn 


RB =3kn£ 
(6) 
THRES 


TRIG 


Cj = 0.15pF 


CL = 100pF 


ni 
1 


1.4 


(RA +RB)C 


FIGURE 1-CIRCUIT FOR ASTABLE OPERATION 


'o 


a 
Cfi 
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Special Functions 


LINEAR 
INTEGRATED 
CIRCUITS 


Very Low Power Consumption 
... 2 mW Typ at Vdd = 5 V 


TYPES TLC552C, TLC556M, TLC556C 
DUAL LinCMOSTM TIMERS 


02796. FEBRUARY 1984 


TLC556M ... J DUAL-IN-LINE PACKAGE 


TLC552C, TLC556C . . . D OR N DUAL-IN-LINE PACKAGE 


(TOP VIEWI 


TIMER J 
CONT £ 3 
#1 
^ RESETC4 
•outO 
TRIG £ 6 
GNDC 7 
" 


f dschQi ^14Qvdd 
I THRES£ 2 
13 3 DSCH 


functional block diagram (each timer) 


VDD 
RESET 
CONTROL 


THRESHOLD 


k: ri 


R 


Capable of Very High-Speed Operation 
. . . Typically 2 MHz in Astable Mode 


Complementary MOS output Capable of 
Swinging Rail-to-Rail 


High Output-Current Capability 
. . . Sink 100 mA Typ 
. . . Source 10 mA Typ 


Output Fully CMOS-, TTL-, and 
MOS-Compatible 


Low Supply Current Reduces Spikes During 
Output Transitions 


High Impedance Inputs . . . 1012 U Typ 


Single-Supply Operation 
TLC552 . . . from 1 to 18 Volts 
TLC556 . . . from 2 to 18 Volts 


Functionally Interchangeable with the 
Signetics NE556 and SE556; Has Same 


OUTPUT 
.S 


Pinout 


description 


The TLC552 and TLC556 are dual monolithic timing 
circuits fabricated using Tl's LinCMOS™ process. 
Dueto theirhigh-impedance inputs(typically 1012il), 
they are capable of producing accurate time delays 
and oscillations while using less expensive, smaller 
timing capacitors than the NE556. Like the NE556, 
the TLC552 and TLC556 achieve both monostable 
(using one resistor and one capacitor) and astable 
(using two resistors and one capacitor) operation. In 
addition, 50% duty cycle astable operation is possible 
using only a single resistor and one capacitor. The 
LinCMOS™ process allows the TLC552 and TLC556 
to operate at frequencies up to 2 MHz and be fully compatible with CMOS,TTL, and MOSlogic. Italso provides very 
low power consumption (typically 2 mWat Vdd = 5 V)over a wide range of supply voltages ranging from 1 volt 
to 18 volts for the TLC552 and 2 volts to 18 volts for the TLC556. 


The threshold and trigger levels are normallytwo-thirds and one-third respectively of Vdd- These levels can be altered 
by use of the control voltage terminal. When the trigger input falls below trigger level, the flip-flopis set and the output 
goes high. Ifthe trigger input isabove the trigger level and the threshold input is above the threshold level,the flip-flop 
is reset and the output is low. The reset input can override all other inputs and can be used to initiate a new timing 
cycle. When the reset input goes low, the flip-flop is reset and the output goes low. Whenever the output is low, 


a low impedance path is provided between the discharge terminal and ground. 


While the CMOS output is capable of sinking over 100 mA and sourcing over 10 mA, the TLC552 and TLC556 exhibit 
greatly reduced supply current spikes during output transitions. This minimizes the need for the large decoupling 
capacitors required by the NE556. 


The TLC556M will be characterized for operation over the full military temperature range of - 55 °C to 125 °C. The 
TLC552CM and TLC556C are characterized for operation from 0°C to 70°C. 


t> 


Rose! can override Trigger and Threshold. 
Triggor can overrido Threshold. 


J3L 
DISCHARGE 


ra 
"o 
OJ 
Q. 
cfi 


PRODUCT PREVIEW 


Thli document contain! information on a product under 
development. Texas Instrument! reservea the right to 
change or discontinue thli product without notice. 
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TYPES TLC552C, TLC556M, TLC556C 
DUAL LinCMOSTM TIMERS 


FUNCTION TABLE 


RESET 
TRIGGER 


VOLTAGE' 


THRESHOLD 


VOLTAGE1 
OUTPUT 
DISCHARGE 


SWITCH 
Low 
Irrelevant 
Irrelevant 
Low 
On 
High 
< 1/3 VDD 
Irrelevant 
High 
Off 
High 
> 1/3 VDD 
> 2/3 VDD 
Low 
On 
High 
> 1/3 VDD 
< 2/3 VDD 
As previously established 


'Voltages levols shown are nominal. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vdd (see Note 1) 
18V 
Input voltage range (any input) 
_0.3 V to 18 V 
Continuous total dissipation at (or below 25 °C free-air temperature (see Note 2) 
950 mW 
Operating free-air temperature range: TLC556M 
-55°C to 125°C 
TLC552C, TLC556C 
0°C to 70°C 
Storage temperature range 
- 65 °C to 150 °C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package 
300° 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or N package 
260°C 


NOTES: 1, All voltage values are with rospect to network ground terminal. 
2. Foroperation above 25 °C tree-air temperature, refer to Dissipation DeratingCurves. Section 2. 


electrical characteristics at 25 °C free-airtemperature, Vdd = 1 V to 15 V forTLC552 or 2 V to 15 V forTLC556 
(unless otherwise noted) 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 
Threshold voltage level as a 
percentage of supply voltage 
66.7% 


Threshold current 
VDD = 5 V 
10 
pA 
Trigger voltage level as a 
percentage of supply voltage 
33.3% 


Trigger current 
vDd = 5 v 
10 
pA 
Reset voltage level 
0.7 
V 
Reset current 
vDd • 
5 v 
±10 
PA 
Control voltage (open-circuit) as a 
percentage of supply voltage 
66.7% 


Low-level output voltago 
vDD = 15V 
'OL = 1° mA 
0.1 


V 
Iql • 
50 mA 
0.5 


lOL = 100 mA 
1 


vDD = 5 V 
lOL = 5 mA 
0.1 


'OL = 8 mA 
0.16 


High-level output voltage 
vDd = 15v 
lOH = - 1 mA 
14.8 


V 


lOH = -5 mA 
14 


lOH = - 10 mA 
12.7 


vDD = 5 v 
lOH = -2 mA 
4 


'OH = -1 mA 
4.5 


Supply current 
vDd = 15 v 
360 
CA 
vDd = 5 v 
170 
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TYPES TLC552C, TLC556M, TLC556C 
DUAL LinCMOSTM TIMERS 


operating characteristics, Vqd = 1-2 V forTLC552 or 2 VforTLC556, Ta = 25 °C (unless otherwise noted) 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


Initial error of timing interval 


VDD = 1 V to 15 V for TLC552, or 


2 V to 15 V forTLC556 
RA = RB = 1 kfl to 100 Ml, 


CT = 0.1 pF. 


See Figure 1 


1% 


Supply voltage sensitivity 


of timing interval 
0.1 
%/V 


Output pulse rise time 
Vdd = 5 V, 
RL = 10 MI), 


CL - 
10 pF 


20 
ns 
Output pulse fall time 
20 


Maximum frequency in 


astable mode 
RA = 470 f!, 
RB - 200 0, 
Ct = 200 pF 
2.1 
MHz 


Ra: 


Rb 


ct 


TYPICAL APPLICATION DATA 


vdd 


T~" 
0.1 iiF—1— , , 
T* 
OPEN 


:rl 


RESET 


DISCH 


THRES 


TRIG 
:cL 


T 


FIGURE 1-CIRCUIT FOR ASTABLE OPERATION 


w 
c 
.2 
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Special Functions 


LINEAR 
INTEGRATED 
CIRCUITS 


Very Low Power Consumption ... 1 mW 
Typ at Vqd = 5 V 


Capable of Very-High-Speed Operation 
. . . Typically 2 MHz in Astable Mode 


Complementary CMOS output Capable of 
Swinging Rail-to-Rail 


High Output-Current Capability 
. . . Sink 100 mA Typ 
. . . Source 10 mA Typ 


Output Fully CMOS-, TTL-. and 
MOS-Compatible 


Low Supply Current Reduces Spikes During 
Output Transitions 


High Impedance Inputs . . . 1012 U Typ 


Single-Supply Operation from 2 to 18 V 


Functionally Interchangeable with the 
Signetics NE555; has Same Pinout 


description 


The TLC555 is a monolithic timing circuit fabricated 
using Tl's LinCMOS™ process. Due to its high- 
impedance inputs (typically 1012 Q), it is capable of 
producing accurate time delays and oscillations while 
using less expensive, smaller timing capacitors than 
the NE555. Like the NE555, the TLC555 achieves 
both monostable (using one resistor and one capacitor) 
and astable (using two resistors and one capacitor) 
operation. In addition, 50% duty cycle astable operation is possible using only a single resistor and one capacitor. 
The LinCMOS™ process allows the TLC555 to operate at frequencies up to 2 MHz and be fully compatible with CMOS, 
TTL, and MOS logic. It also provides very low power consumption (typically 1 mW at Vdd = 5 V) over a wide range 
of supply voltages ranging from 2 volts to 18 volts. 


Like the NE555, the threshold and trigger levels are normally two-thirds and one-third respectively of Vqd- These 
levels can be altered by use of the control voltage terminal. When the trigger input falls below trigger level, the flip- 
flop is set and the output goes high. If the trigger input is above the trigger level and the threshold input is above 
the threshold level, the flip-flop is reset and the output is low. The reset input can override all other inputs and can 
be used to initiate a new timing cycle. When the reset input goes low, the flip-flop is reset and the output goes low. 
Whenever the output is low, a low-impedance path is provided between the discharge terminal and ground. 


While the complementary CMOS output is capable of sinking over 100 mA and sourcing over 10 mA, the TLC555 
exhibits greatly reduced supply current spikes during output transitions. This minimizes the need for the large decoupling 
capacitors required by the NE555. 


These devices have internal electrostatic discharge (ESD) protection circuits that will prevent catastrophic failures 
at voltage up to 2000 volts as tested under MIL-STD-883B, Method 301 5.1. However, care should be exercised in 
handling these devices as exposure to ESD may result in a degradation of the device parametric performance. 


All unused inputs should be tied to an appropriate logic level to prevent false triggering. 


The TLC555M is characterized for operation over the full military temperature range of - 55 °C to 125 °C; the TLC555C 
is characterized for operation from 0°C to 70 °C. 


TYPES TLC555M, TLC555C 
LinCMOSTM TIMERS 


02784. SEPTEMBER 1983 


TLC555M . . . JG PACKAGE 


TLC555C . . . D. JG. or P PACKAGE 


(TOP VIEWI 
GNDpl O 8[]Vdd 
TRIGC 2 
7 3DSCH 
OUTC3 
6 3 THRES 
RESETC 4 
5 3 CONT 


functional block diagram 


Vdd 
RESET 
(4) 
18) 


16) 


THRESHOLD 


(2) 


CONTROL 
(5) 


^> 


J3L 
GND"' 


Reset can override Trigger, which can override Threshold. 


(3) 


OUTPUT 


(7) 
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TYPES TLC555M, TLC555C 
LinCMOSTM TIMERS 


FUNCTION TABLE 


RESET 
TRIGGER 


VOLTAGE' 


THRESHOLD 


VOLTAGE' 
OUTPUT 
DISCHARGE 


SWITCH 


Low 
Irrelevant 
Irrelevant 
Lo.-. 
On 
High 
< 1/3 VDD 
Irrelevant 
High 
Off 
High 
> 1/3 VDD 
> 2/3 VDD 
Low 
On 
High 
> 1/3 VDD 
< 2/3 VDD 
As previously established 


'Voltages lovels shown aro nominal. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vqd 'see Note 1) 
18 V 
Input voltage range (any input) 
-0.3 V to 18 V 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2) 
600 mW 
Operating free-air temperature range: TLC555M 
-55°C to 125°C 
TLC555C 
0°C to 70°C 
Storage temperature range 
- 65 °C to 150 °C 
Leadtemperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package 
300 °C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or P package 
260 °C 


NOTES: 1. 
All voltago values are with respect to network ground terminal. 
2. For operation above 25°C free-Bir temperature, roferto Dissipation Derating Curves. Section2. Inthe JG package.TLC555M chipsarealloy- 
mounted. 


electrical characteristics at 25 °C free-air temperature, Vdd = 5 V to 15 V (unless otherwise noted) 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 
Threshold voltage level as a 
percentage of supply voltage 
66.7% 


Threshold current 
vDd = 5 v 
10 
PA 
Trigger voltage level as a 


percentage of supply voltage 
33.3% 


PA 
Trigger current 
vDD = s v 
10 
Reset voltage level 
0.7 
V 
Reset current 
vDd = 5 v 
±10 
pA 
Control voltage (open-circuit) as a 
percentage of supply voltage 
66.7% 


Low-level output voltage 
vDd = 15 v 


lOL • 
10 mA 
0.1 


V 


'OL = 50 mA 
0.5 
lOL • 
100 mA 
1 


vDd = s v 
Iql • 
5 mA 
0.1 


lOL ^ 8 mA 
0.16 


High-level output voltage 
vDd = 15 v 
Iqh = -1 mA 
14.8 


V 


'OH = -5 mA 
14 


lOH = -10 mA 
12.7 


vDd = 5 v 
'OH = -2 mA 
•1 


'OH 
= - 1 mA 
4.5 


Supply current 
vDd = 15 v 
360 
pA 
vDd = 5 v 
170 
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TYPES TLC555M, TLC555C 
LinCMOSTM TIMERS 


operating characteristics, Vdd = 5 V, Ta = 25 °C (unless otherwise noted) 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


Initial error of timing interval 
VDD = 5 V to 15 V. 
ra = RB = 1 kfito 100 kQ, 
CT = 0.1 pF, 


See Figure 1 


1% 


0.1 
%/V 
Supply voltage sensitivity 


of timing interval 


Output pulse rise time 
Vdd = 5 v, 
Rl = io mo. 


CL = 10 pF 


20 
ns 
Output pulse fall time 
20 


Maximum frequency in 


astable mode 


RA = 470 fl, 
Rb = 200 fl. 
Ct = 200 pF 
2.1 
MHz 


Ra3 


Rb: 


ct 


TYPICAL APPLICATION DATA 


vdd 


—T~" 
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IS) 


CONT 
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RESET 
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IF 


(3) 
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FIGURE 1-CIRCUIT FOR ASTABLE OPERATION 
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Special Functions 


LINEAR 
INTEGRATED 
CIRCUITS 


200 MHz Bandwidth 


250 k£2 Input Resistance 


Selectable Nominal Amplification of 
10,100, or 400 


• 
No Frequency Compensation Required 


• 
Designed to be Interchangeable with 
Fairchild ^A733M and <iA733C 


description 


The uA733 is a monolithic two-stage video amplifier 
with differential inputs and differential outputs. 


Internal 
series-shunt feedback provides wide band 
width, 
low 
phase 
distortion, 
and excellent gain 
stability. Emitter-follower outputs enable the device 
to drive capacitive loads and all stages are current- 
source 
biased 
to 
obtain 
high 
common-mode and 
supply-voltage rejection ratios. 


Fixed differential amplification of 10, 100, or 400 
may 
be selected without external components, or 
amplification may be adjusted from 10 to 400 by the 
use of a single external resistor connected between 
1A 
and 
1B. 
No 
external 
frequency-compensating 
components are required for any gain option. 


The device is particularly useful in magnetic-tape or 
disc-file systems using phase or NRZ encoding and in 
high-speed thin-film or plated-wire memories. Other 
applications include general purpose video and pulse 
amplifiers where wide bandwidth, low phase shift, 
and excellent gain stability are required. 


The uA733lvl is characterized for operation over the 
full military temperature range of —55°C to 125 C; 
the 
uA733C 
is 
characterized 
for 
operation from 
0°C to 70°C. 


TYPES uA733M, uA733C 
DIFFERENTIAL VIDEO AMPLIFIERS 


D922. NOVEMBER 1970-REVISED OCTOBER 1979 


J OR N DUAL-IN-LINE PACKAGE 


(TOP VIEW) 
IN+ Ql ^14P IN- 
NC £ 2 
133 NC 
GAIN ADJ 2A £ 3 
GAIN ADJ 1A Q4 
VCC- C5 
NC C6 
OUT+ L~> 


12 3 GAIN ADJ 2B 
n ] GAIN ADJ IB 
10U vCc + 
9D NC 
8H OUT- 


nternal connect" 


UA733M . . . U FLAT PACKAGE 


(TOP VIEW) 


IN+ L 
GAIN ADJ 2A £ 
GAIN ADJ TAG 
VCC- L 
OUT+ £ 


2 
9 


3 
8 


4 
7 


5 
6 


T|N- 
3 GAIN ADJ 2B 
iGAIN ADJ 1B 
Hvcc + 
lOUT- 


symbol 


GAIN ADJUST 1A 


GAIN ADJUST 2A 


GAIN ADJUST 1B 


GAIN ADJUST 2B 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


uA733M 
UA733C 
UNIT 


Supply voltage Vcc+ (See Note 1) 
8 
8 
V 


Supply voltage Vqq_ (See Note 1) 
8 
-8 
V 


Differential input voltage 
•5 
•5 
V 


Common-mode input voltage 
•6 
•6 
V 


Output current 
10 
10 
mA 


Continuous total power dissipation at (or below) 25°C free-air temperature (see Note 2) 
500 
500 
mW 


Operating free-air temperature range 
-55 to 125 
0 to -0 
C 


Storage temperature range 
-65 to 150 
-66 to 150 
C 


Lead temperature 1.6 mm (1/16 inch) from case for 60 seconds 
J or U package 
300 
300 
C 


Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds. 
N package 
260 
C 


NOTES: 1. 
All voltago values, except differential input voltages, are with respect to tho midpoint between VCc * and Vr^r_. 
2. 
For operation above 25 °C troo-air temperature, refer to Dissipation Derating Curves. Section 2. In the J package. uA733M chips ore alloy mounted; 
uA733C chips ate glass mounted. 


Copyright © 1979 by Texas Instrur 
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TYPES uA733M, uA733C 
DIFFERENTIAL VIDEO AMPLIFIERS 


electrical characteristics, Vqq+ =6 V, Vcc_ =—6 V, TA =25°C 


PARAMETER 
TEST 


FIGURE 
TEST CONDITIONS 
GAIN 
OPTION 


UA733M 
UA733C 
UNIT 
MIN 
TYP MAX 
MIN 
TYP MAX 


AVD 
Large-signal differential 


voltage amplification 
1 
V0D ' > V 


1 
300 
400 
500 
250 
400 
600 


2 
DO 
100 
110 
80 
100 
120 


3 
9 
10 
11 
8 
10 
17 


BW 
Bandwidth 
2 
Rs • 50 n 


1 
50 
50 


MHz 
2 
90 
GO 


3 
200 
200 
"10 
Input offset current 
Any 
0.4 
3 
0.4 
5 
uA 


'18 
Input bias current 
Any 
9 
20 
9 
30 
UA 


VICR 
Common-mode 


input voltage range 
1 
Any 
!l 
;1 
V 


v0c 
Common-mode 


output voltage 
1 
Any 
2.4 
2.9 
3.4 
2.4 
2.9 
3.4 
V 


v0o 
Output offset voltage 
1 
1 
0.6 
1.5 
0.6 
1.5 
V 
2&3 
0.35 
1 
0.35 
1.5 


VoPP 
Maximum peak-to-peak 


output voltage swing 
1 
Any 
3 
4.7 
3 
4.7 
V 


r; 
Input resistance 
3 
V0D < 1 V 


1 
4 
4 


k!l 
2 
20 
24 
in 
24 


3 
250 
250 


ro 
Output resistance 
20 
20 
n 
c. 
Input capacitance 
3 
VOD .. 1 V 
2 
2 
2 
pF 


CMRR 
Common-mode 


rejection ratio 
4 
V|C- '-• V. 
I< 100 kHz 
2 
60 
86 
60 
86 
dB 
V|C ='IV. 
f = 5 MHz 
2 
70 
70 


kSVR 


Supply voltage 


rejection ratio 
(AVCc/AV,0) 


1 
AVCC, • 1 0,5 V, 


AVcc- " < 0.5 V 
2 
50 
70 
50 
70 
dB 


Vn 
Broadband equivalent 


input noise voltage 
5 
BW- 1 kHz to 10MHz 
Any 
12 
12 
pV 


'pd 
Propagation delay time 
2 
RS - SO ii. 
Output voltage step • 1 V 


1 
7.5 
7.5 


ns 
2 
6.0 
10 
6.0 
10 


3 
3.6 
3.6 


'r 
Rise time 
2 
Rs = 50 a. 


Output voltage step • 1 V 


1 
10.5 
10.5 


ns 
2 
4.5 
10 
4.5 
12 


3 
2.5 
2.5 


•sinklmax) 
Maximum output 


sink current 
Any 
2.5 
3.6 
2,5 
3.6 
mA 


ice 
Supply current 
No load. 
no signal 
Any | 
16 
24 
16 
24 
mA 


'The gain option is selected as follows: 
Gain Option 1 . . . Gain-adjust pin 1A is connected to pin IB, and pins 2A and 2B ore open. 
Gain Option 2 . . . Gain-adjust pin 1A and pin 1B are open, pin 2A is connected to pin 28. 
Gain Option 3 ... All four gain-adjust pins are open. 
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TYPES uA733M, uA733C 
DIFFERENTIAL VIDEO AMPLIFIERS 


electrical characteristics (continued), Vcc+ = 6 V, Vcc- —6 v 
Ta =-55°C to 125°C for uA733M, 0°C to 70'C foruA733C 


PARAMETER 
TEST 


FIGURE 
TEST CONDITIONS 
GAIN 


OPTION' 


UA733M 
uA733C 
UNIT 
MIN 
MAX 
MIN 
MAX 


AVD 
Large-signal differential 


voltage amplification 
1 
V0D • 1 v 


1 
200 
600 
250 
600 


2 
80 
120 
80 
120 


3 
8 
12 
8 
12 


ho 
Input offset current 
Any 
5 
uA 


'IB 
Input bias current 
Any 
40 
40 
yA 


V|CR 
Common-mode 


input voltage range 
1 
Any 
±1 
±1 
V 


voo 
Output offset voltage 
1 
1 
1.5 
1.5 
V 
2& 3 
1.2 
1.5 


VOPP 
Maximum peak-to-peak 


output voltage swing 
1 
Any 
2.5 
2.8 
V 


rj 
Input resistance 
3 
V0D< 1 V 
2 
8 
8 
kn 


CMRR 
Common-mode 


rejection ratio 
4 
V|c = i1 V. f< 100 kHz 
2 
50 
50 
dB 
Vic = =1 V, f - 5 MHz 
2 


kSVR 


Supply voltage 


rejection ratio 


(AVCcMV|o> 


1 
AVCC+ • =0.5 V, 
AVCC_ = ;0.5V 
2 
50 
50 
dB 


Maximum output 
Uink(max) 
sink culrent 
Any 
2.2 
2.5 
mA 


ice 
Supply current 
No load, 
No signal 
Any 
27 
27 
mA 


'Tho gain option is selected as follows- 
Gain Option 1 . . . Gain-adjust pin IA is connected to pin IB. and pins 2A and 2B are open 
Gain Option 2 . . . Gain-adjustpin 1A and pin IB are open, pin 2A is connected to pin 2B. 
Gain Option 3 ... All four gain-adjust pins ore open. 


schematic 
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TYPES UA733M, uA733C 
DIFFERENTIAL VIDEO AMPLIFIERS 


DEFINITION OF TERMS 


Large-Signal Differential Voltage Amplification (AVD> The ratio of the change in voltage between the output terminals 
to thechange involtage between the inputterminals producing it. 


Bandwidth (BW) The range of frequencies within which the differential gain of the amplifier is not more than 3 dB 
below its low-frequency value. 


Input Offset Current (I|q) The difference between the currents Into the two input terminals with the inputs grounded. 


Input Bias Current (I|r) The average ofthe currents into the two input terminals with the inputs grounded. 


Input Voltage Range (V|) The range ofvoltage that ifexceeded ateither input terminal will cause the amplifier tocease 
functioning properly. 


Common-Mode Output Voltage (Vqc) The average ofthed-c voltages at thetwo output terminals. 


Output Offset Voltage (Vqo> The difference between the d-c voltages at the two output terminals when the input 
CJ) 
terminals are grounded. 
"3 
Maximum Peakto-Peak Output Voltage Swing (Vqpp) The maximum peak-to-peak output voltage swing that can be 
—• 
obtained without clipping. This includes theunbalance caused by output offset voltage. 


Tl 
Input Resistance (rj) The resistance between theinput terminals with either input grounded. 


q 
Output Resistance (r0) The resistance between either output terminal and ground. 


Input Capacitance (Cj) The capacitance between theinput terminals with either input grounded. 


Common-Mode Rejection Ratio (CMRR) The ratio of differential voltage amplification to common-mode voltage 
amplification. This is measured by determining the ratio of achange in input common-mode voltage to the resulting 
change in input offset voltage. 


Supply Voltage Rejection Ratio (AVCC/AV|0I The absolute value ofthe ratio of the change in power supply voltages 
tothechange ininput offset voltage. Forthese devices, both supply voltages are varied symmetrically. 


Equivalent Input Noise Voltage (Vn) The voltage of an ideal voltage source (having an internal impedance equal to 
zero) in series with theinput terminals of thedevice thatrepresents thepart oftheinternally generated noise thatcan 
properly be represented by a voltage source. 


Propagation Delay Time (tp{j) The interval between the application of an input voltage step anditsarrival at either 
output, measured at 50% of the final value. 


Rise Time (tr)Thetimerequired foranoutputvoltage steptochange from 10% to 90% of itsfinal value. 


Maximum Output Sink Current (lsink(max|) The maximum available current into either output terminal when that 
output is at its most negative potential. 


Supply Current dec) The average ofthe magnitudes ofthe two supply currents Icci and IQC2- 
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TYPES uA733M, uA733C 
DIFFERENTIAL VIDEO AMPLIFIERS 


PARAMETER MEASUREMENT INFORMATION 
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TYPES uA733M, uA733C 
DIFFERENTIAL VIDEO AMPLIFIERS 


TYPICAL CHARACTERISTICS 
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FIGURE 8 


VOLTAGE AMPLIFICATION 
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TYPES uA733M, uA733C 
DIFFERENTIAL VIDEO AMPLIFIERS 


TYPICAL CHARACTERISTICS 


DIFFERENTIAL VOLTAGE AMPLIFICATION 


vs 
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FIGURE 11 


SUPPLY CURRENT 
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FIGURE 12 
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TYPES uA733M, uA733C 
DIFFERENTIAL VIDEO AMPLIFIERS 


TYPICAL CHARACTERISTICS 
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FIGURE 15 
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60 
80 
100120140 


TA-Free-Air Temperature-°C 


FIGURE 18 
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LINEAR 
INTEGRATED 
CIRCUITS 


Accurate Timing from Microseconds to 
Days 
Programmable Delays from 1 Time Constant 
to 255 Time Constants 


Outputs Compatible with TTL and CMOS 


Wide Supply-Voltage Range 


External Sync and Modulation Capability 


TYPE UA2240C 
PROGRAMMABLE TIMER/COUNTER 


D2442. JUNE 1978-REVISED FEBRUARY 1984 


N DUAL-IN-LINE PACKAGE 


(TOP VIEW) 


OUTPUTS< 


'qoC 
QUI 
Q2C 
Q3C 
Q4C 
Q5C 
Q6C 
,07 C 


15 


14 


13 


12 


11 


10 


9 


Dvcc 
PREGULATOR X, 
OUTPUTS 
j time base 
/ 
Dr/c 
^ 
3 modulation i 
3 trigger 
> inputs 
3 RESET 
Dgnd 
} 


description 
These circuits consist ofatime-base oscillator, an eight-bit counter, a control flip-flop, and avoltage regulator. The 
frequency of the time-base oscillator is set by the time constant of an external resistor and capacitor at pin 13 and 
can be synchronized or modulatd by signals applied to the modulation input. The output of the time-base section is 
applied directly tothe input of the counter section and also appears at pin 14(time base). The time-base pin may 
be used tomonitor the frequency of the oscillator, to provide an output pulse toother circuitry, or (with the time-base 
section disabled) todrive the counter input from an external source. The counter input isactivated on a negative- 
going transition. The reset input stops the time-base oscillator and sets each binary output, QO through Q7, and the 
time-base output to aTTL high level. After resetting, the trigger input starts the oscillator and all Qoutputs go low. 
Once triggered, the uA2240C will ignore any signals at the trigger input until itis reset. 


The UA2240C timer/counter may beoperated inthefree-running mode orwith output-signal feeedback tothereset 
input for automatic reset. Two or more binary outputs may be connected together togenerate complex pulse patterns, 
or each output may be used separately toprovide eight output frequencies. Using two circuits in cascade can provide 


precise time delays of up to three years. 


The uA2240C is characterized for operation from 0°C to 70°C. 


B 
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CO 


TYPE UA2240C 
PROGRAMMABLE TIMER/COUNTER 


functional block diagram 


vcc 


(ill 


RESET 
(10) z 3' 


MODULATION 


INPUT 


R/C 


GND 


A, . . open-collector outputs 


REGULATOR 


OUTPUT 


VOLTAGE 


REGULATOR 


S-i 


15 


S 


0>T 
$ -> 


(2) 
(8) 


Q7 


a 


absolute maximum ratings 


Supply voltage, Vqc (see Note 1) 
18 v 
Output voltage: QO thru Q7 
' 
.. gw 
Output current: QO thru Q7 
',„ 
. 
_ 
. 
10 mA 
Regulator output current 
_5 
. 
Continuous dissipation at (or below) 25°C free-air temperature (see Note 2): 
650mW 
Operating free-air temperature range 
0°C to 70°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10seconds 
260°C 


NOTES: 1. Voltage valuesare with respect to the network ground terminal. 
2. Foroperation abovo25°C. see the Dissipation Derating Curves. Section2. 


recommended operating conditions 


Supply voltage. Vcc 'see Note 3) 


Timing resistor 


Timing capacitor 


Counter input (requency (Pin 14) 
Pull-up resistor, time-base output 
Trigger and reset input pulse voltage 
Trigger and reset input pulse duration 
External clock input pulse voltage 
External clock input pulse duration 


NOTE 3: For operation with Vcc s 4-5v- short regulator output toVcc- 
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UA2240C 


MIN 
NOM 
MAX 
UNIT 


/<F 


20 


TYPE UA2240C 
PROGRAMMABLE TIMER/COUNTER 


electrical characteristics at 25 °C free-air temperature 


PARAMETER 


Regulator output voltage 


Modulation input open 


circuit voltage 
Trigger threshold voltage 


High-level trigger current 


Reset threshold voltage 


High-level reset current 


Couonter input (time base) 


threshold voltage 


Low-level output current. 


QO thru Q7 


High-level output current, 


QO thru Q7 


Supply current 


TEST 


CIRCUIT 
TEST CONDITIONS 


Vcc = 5 V, 
Trigger and resetopen orgrounded 
Vcc " 15V. 
Tri99er and 'esetopen orgrounded 
Vcc * 6 V, 
Trigger andresetopen or grounded 
Vcc " 16 V, Trigger andresetopen orgrounded 
Vcc = 5 V, 
Reset at 0 V 
Vcc = 5 V, 
Trigger at 2 V. 
Reset at 0 V 
Vcc = 5 V, 
Trigger at 0 V 
VcC = 5 V, 
Trigger at 0 V 


Vrc = 5 V, 
Trigger andreset openor grounded 


VcC " 5 v- 
Tri9gerat 2 V, 
vql < Q-4v 


Reset at 0 
V, 


Voh = 15 V, 
Reset at 2 V, 
Trigger at 0 V 


Vcc ^ 5 V, 
Trigger at 0 V. 
Resetat 5 V 
Vcc = 15 V, 
Trigger at 0 V, 
Reset at 5 V 


V+ 
= 
4 
V 


TYP 
MAX 
UNIT 


5.8 
6.3 
6.8 


2.8 


pA 


pA 


pA 


13 


operating characteristics at 25 °C free-air temperature (unless otherwise noted) 


PARAMETER 
TEST 


CIRCUIT 
TEST CONDITIONS' 
MIN 
TYP 
MAX 
UNIT 


Initial error of time base1 
1 
Vcc = 5 V. 
Triggerat 5 V. 
Reset at 0 V 
±0.5 
±6 
% 


Temperature coefficient 


of time-base period 
1 
TA = 0°C to 70°C 
VCc 
= 5 v 
-200 
ppm/°C 
Vcc = 15 V 
- 80 


Supply voltage sensitivity 


of time-base period 
1 
Vcc 2= 8 V 
-0.08 
-0.3 
%/V 


Time-base output frequency 
1 
Vcc = 5 V, 
R = MIN, 
C = MIN 
130 


Propagation delay time 
see Note 4 
From trigger input 
J'S 
From reset input 
0.8 


Output rise time 
2 
RL - 3 k«. 
CL = 10 pF 
QO thru Q7 
ns 
180 
Output fall time 


'For conditions shown as MIN or MAX. use the appropriate valuespecified underrecommended operating conditions. 
'Thisisthetime-bese period error dueonly totheuA2240C and expressed as a percentage ofnominal (1.00RCI. 
NOTE 4:Propagation delay time Is measured from the 50% point on the leading edge of an input pulse to the 50% point on the loading edge of the resultmg 


change of state at 00. 
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TYPE UA2240C 
PROGRAMMABLE TIMER/COUNTER 


PARAMETER measurement information 


vcc 


R-10kn 
(UNLESS OTHERWISE 
SPECIFIED) 


C-0.1pF 
(UNLESS OTHERWISE 
SPECIFIED) 


0.01 uF 


CONNECTED FOR OPERATING 
/TS 
CHARACTERISTICS TESTS ONLY 
4^ 


R/C 
MOD 
Vrr 
TRIG 
CC 


REG 
RESET 
OUT 


TIME 
BASE QO 01 Q2 Q3 Q4 Q5 Q6 
07 "1 


3 V 
1 


0 V 


INPUT SIGNAL FOR 
OPERATING CHARACTERISTICS 
TESTS ONLY 


20 kn: 


EACH QO THRU Q7 OUTPUT LOAD = 10 kn 


FIGURE 1-GENERAL TESTCIRCUIT 


1 kn 
(DISABLES 
: 
OSCILLATOR)' 


VCC 


R/C 
MOD 
Vrr 
TRIG 


REG 
RESET 
OUT 


TIME 
BASEQQ OI 02,03 Q4 Q5 Q6 Q7 
a 


(OPEN) 


EACH QO THRU Q7OUTPUT LOAD = RL 


FIGURE 2-COUNTER TEST CIRCUIT 


(OPEN) 
V+=4V 


R/C 
MOD 
Vrr 
TRIG 
CC 


REG 
RESET 
OUT 


TIME 
BASE QO 01 Q2 Q3 Q4 Q5 06 Q7 


EACH QO THRU Q7 OUTPUT LOAD • 10 kn 


FIGURE 3-REDUCEDPOWER TESTCIRCUIT 
(TIME BASE DISABLED) 
Those connections may be open or grounded for this test. 
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TYPE UA2240C 
PROGRAMMABLE TIMER/COUNTER 


TYPICAL CHARACTERISTICS 


NORMALIZED TIME-BASE PERIOD 


vs 
MODULATION INPUT VOLTAGE 


2.5 


2.0 


1.5 


1.0 


0.5 
a*" 


12 
3 
4 
5 
Modulation Voltage-V 


TYPICAL APPLICATION INFORMATION 


Figure 5 shows voltage waveforms for typical 
operation of the uA2240C. If both reset and trigger 
inputs are low during power-up, the timer/counter will 
be in a reset state with all binary (Q) outputs high and 
the oscillator stopped. In this state, a high level on the 
trigger input starts the time-base oscillator.The initial 
negative-going pulse from the oscillator sets the Q 
outputs to low logic levels at the beginning of the first 
time-base period. The uA2240C will ignore any further 
signals at the trigger input until after a reset signal is 
applied to the reset input. With the trigger input low, 
a high level at the reset input willset Q outputs high 
and stop the time-base oscillator. If the reset signal 
occurs while the trigger input is high, the reset is 
ignored. If the reset input remains high when the 
trigger input goes low, the uA2240C will reset. 


FIGURE 5-TIMING DIAGRAM OF OUTPUT WAVEFORMS 


f) 
C 
o 
'3 
O 
c 
3 
LL 


'o 
03 
a 
Cfi 
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Cfi 
•3 


o 
Q}" 


TYPE UA2240C 
PROGRAMMABLE TIMER/COUNTER 


TYPICAL APPLICATION INFORMATION 


In monostable applications oftheuA2240C one ormore ofthebinary outputs will beconnected tothereset terminal 
as shown in Figure 6. The binary outputs are open-collector stages that can be connected together to acommon pull- 
up resistor to provide a "wired-OR" function. The combined output will be low as long as any one of the outputs 
islow. This type ofarrangement canbeused for time delays thatareinteger multiples ofthetime-base period. For 
example, if Q5 (25 = 32) only isconnected tothe reset input, every trigger pulse will generate a32-period active-low 
output. Similarly, if QO, Q4, and Q5 are connected to reset, each trigger pulse creates a 49-period delay. 


In astable operation, the uA2240C will free-run from the time it is triggered until itreceives an external reset signal. 


The period ofthe time-base oscillator isequal tothe RC time constant ofan external resistor and capacitor connected 
asshown in Figure 6 when themodulation input isopen (approximately 3.5volts internal, seeFigure 4). Under conditions 
of high supply voltage (Vqc > 7 V) and low value oftiming capacitor (C < 0.1 pF). thepulse duration ofthetime- 
base oscillator may be too short to properly trigger the counters. This situation can be corrected by adding a 
300-picofarad capacitor between the time-base output and ground. The time-base output (TBO) isanopen-collector 
output thatrequires a 20-kO pull-up resistor to Pin 15for proper operation. The time-base pin may also beused as 
an input tothe counters for an external time-base or as an active-low inhibit input tointerrupt counting without resetting. 


The modulation input varies theratio ofthetime-base period to the RC time constant as a function ofthe dc bias 
voltage (see Figure 4). Itcan also be used tosynchronize the timer/counter toanexternal clock or sync signal. 


The regulator output is used internally to drive the binary counters and thecontrol logic. This terminal canalso be 
used to supply voltage to additional uA2240C devicesto minimize power dissipation when several timercircuits are 
cascaded. For circuit operation with anexternal clock, theregulator output canbeused as theVcc input terminal 
to powerdownthe internal timebase and reduce powerdissipation. When supply voltages less than 4.5 voltsare 
used with the internal time base. Pin 15 should be shorted to Pin 16. 


1131 


c 
r%" 


(121 


(10) 


vCc 


vcc 


UA2240C 


MODULATOR 


TRIGGER 


(9) 


vreg 
(15) 


FIGURE 6-BASIC CONNECTIONS FOR TIMING APPLICATIONS 
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Linear Circuits 


General Information 


Thermal Information 
B 


Operational Amplifiers 
Q 


Voltage Comparators 
D 


Special Functions 
H 


Voltage Regulators 
• 


Data Acquisition 
H 


Appendix 
• 
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Voltage Regulators 


SELECTION GUIDE 


FIXED-OUTPUT VOLTAGE REGULATORS 


positive-voltage regulators 


DEVICE 


SERIES 


OUTPUT VOLTAGE 


TOLERANCE 


MINIMUM DIFFERENTIAL 


VOLTAGE 


OUTPUT CURRENT 


RATING 
PACKAGES 
PAGE 


LM29300 
- 10% 
0.6 V 
150 mA 
KC 
6-45 


LM2931-0 
= 10% 
0.6 V 
150 mA 
KC 
6-51 


LM330-0 
t4% 
0.6 V 
150 mA 
KC 


LM340-00 
-1-4% 
2 
V 
1.5 A 
KC 


TL780-00C 
±1% 
2 V 
1.5 A 
KC 
6-137 


UA7800C 
+ 4% 
2 V - 
3 V 
1.5 A 
KC 
6-175 


UA78L00AC 
+ 5% 
2 V 
100 mA 
LP 


LP 


6-183 


6-183 


UA78M00C 


UA78M00M 


±5% 


±5% 


2 V 
- 
3 V 


2 V - 
3 V 


500 mA 


500 mA 


KC 


KC 


6-189 


6-189 


negative-voltage regulators 


DEVICE 


SERIES 


OUTPUT VOLTAGE 


TOLERANCE 


MINIMUM DIFFERENTIAL 


VOLTAGE 


OUTPUT CURRENT 


RATING 
PACKAGES 
PAGE 


LM320-00 
±4% 
2 
V 
1.5 A 
KC 
6-21 


MC79L00AC 
±5% 
1.7 V 
100 mA 
LP 
6-57 


MC79L00C 
2 10% 
1.7 V 
100 mA 
LP 
6-57 


UA7900C 
±5% 
2 V - 
3 
V 
1.5 A 
KC 
6-201 


UA79M00C 
±5% 
2 
V 
- 
3 
V 
1.5 A 
KC 
6-207 


UA79M00M 
±5% 
2 
V 
- 
3 
V 
1.5 A 
KC 
6-207 


available output voltage for above regulator series 


DEVICE 


SERIES 


VOLTAGE SELECTIONS 


2.6 
5.0 
5.2 
6.0 
6.2 
8.0 
8.5 
9.0 
10.0 
12.0 
15.0 
18.0 
20.0 
24.0 


LM2930-0 
X 
X 


LM2931-0 
X 


LM320-00 
X 
X 
X 


LM330-0 
X 


LM340-00 
X 
X 
X 


MC7900AC 
X 
X 
X 


MC79L00C 
X 
X 
X 


TL780-00C 
X 
X 
X 


UA7800C 
X 
X 
X 
X 
X 
X 
X 
X 
X 


UA78L00AC 
X 
X 
X 
X 
X 
X 
X 
X 


UA78L00C 
X 
X 
X 
X 
X 
X 
X 
X 


uA78M00C 
X 
X 
X 
X 
X 
X 
X 
X 


uA78M00M 
X 
X 
X 
X 
X 
X 


UA7900C 
X 
X 
X 
X 
X 
X 
X 
X 


UA7900M 
X 
X 
X 
X 
X 
X 
X 
X 


UA79M00C 
X 
X 
X 
X 
X 
X 
X 


uA79M00M 
X 
X 
X 
X 
X 
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SELECTION GUIDE 


VARIABLE-OUTPUT VOLTAGE REGULTORS 


positive-voltage series regulators 


DEVICE 


NUMBER 


OUTPUT VOLTAGE 
MAXIMUM DIFFERENTIAL 


VOLTAGE 


OUTPUT CURRENT 


RATING 
PACKAGES 
PAGE 
MIN 
MAX 


LM217 
1.2 V 
37 V 
Vj - 1.2 V 
1.5 A 
KC 
6-11 
LM317 
1.2 V 
37 V 
Vj - 1.2 V 
1.5 A 
KC 
6-11 
LM350 
1.2 V 
33 V 
Vi- 1.2 V 
3 
A 
KC 
6-41 
TL317C 
1.2 V 
32 V 
V| - 1.2 V 
100 mA 
LP 
6-91 
TL317M 
1.2 V 
32 V 
V| - 1.2 V 
100 mA 
LP 
6-91 
TL783AC 
5 
V 
200 V 
200 V 
700 mA 
KC 
6-141 
TL783C 


uA723C 


UA723M 


10 V 


3 
V 


3 V 


125 V 


38 V 


38 V 


37 V 


37 V 


37 V 


700 mA 


25 mA 


25 mA 


KC 


J. N 


J. N 


6 
1-11 


6-169 


6-169 


negative-voltage series regulators 


DEVICE 


NUMBER 


OUTPUT VOLTAGE 
MAXIMUM DIFFERENTIAL 


VOLTAGE 


OUTPUT CURRENT 


RATING 
PACKAGES 
PAGE 
MIN 
MAX 


LM237 
1.2 V 
37 V 
Vj-1.2 V 
1.5 A 
KC 
6-17 
LM337 
1.2 V 
37 V 
V|- 1.2 V 
1.5 A 
KC 
6-17 


positive-shunt regulators 


DEVICE 


NUMBER 


SHUNT 


MIN 


/OLTAGE 


MAX 


SHUNT 


MIN 


CURRENT 


MAX 


TEMP COEFFICIENT 


RATING 
PACKAGES 
PAGE 


TL430C 
3 
V 
30 V 
2 mA 
100 mA 
200 ppm/°C 
LP 
6-95 
TL430I 
3 
V 
30 V 
2 mA 
100 mA 
200 ppm/°C 
LP, 
P 
6-95 
TL431C 
3 
V 
30 V 
0.5 mA 
100 mA 
100 ppm/°C 
LP, P 
6-99 
TL431I 
2.55 V 
36 V 
1 mA 
100 mA 
100 ppm/°C 
LP 
6-99 
TL431M 
2.55 V 
36 V 
1 mA 
100 mA 
100 ppn/°C 
JG 
6-99 


PROTECTION CIRCUITS 


undervoltage protection circuits 


DEVICE 


NUMBER 
FEATURES 
TEMP RANGE 
PACKAGES 
PAGE 


TL7700C 
Power-up and voltago reset generator specifically for 
microcomputer control supervision. These devices 
operate over a wide supply voltage range (3 V to 18 VI 


and have externally adjustable pulse duration to ensure 


system reset. 


0°C to 70 °C 
D, P 


6-163 
TL7700I 
-25°C to 85 °C 
D. P 


TL7702 


TL7705 


TL7709 


TL7712 


TL7715 


Power-up and voltage reset generator specifically for 
microcomputer control supervision. These devices 
operate over a wide supply voltage range (3 V to 18 VI 


and have externally adjustable pulse duration to ensure 


system reset. 


0°C to 70 °C 
D. 
P 
6-165 
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SELECTION GUIDE 


overvoltage protection circuit 


DEVICE 


NUMBER 
FEATURES 
TEMP RANGE 
PACKAGES 
PAGE 


MC3423 


Separate outputs for "crowbar" and logic circuitry, 
progrmmable time delay, TTL-level activation 


isolated from voltage-sensing inputs 


0°C to 70°C 
JG, P 
6-55 


SWITCHING VOLTAGE REGULATOR/CONTROLLERS 


general-purpose switching regulators/controllers 


BASE DEVICE NUMBERS 


SG3524 
SG3525A 
SG3527A 
TL3525A 
TL3527A 
MC35060 


MC34060 
SG2524 
SG2525A 
SG2527A 
TL2525A 
TL2537A 
TL497A 


SG1524 
SG1525A 
SG1527A 
TL1525A 
TL1527A 


PAGES 
6-61 
6-69 
6-81 
6-81 
6-153 
6-153 
6-119 


FEATURES 


General Features 


Fixed On Time 
- 
- 
- 
- 
- 
- 
X 


Fixed Frequency PWM 
X 
X 
X 
X 
X 
X 
X 


Expandable 
X 
X 
X 
X 
X 
X 


— 


Control Features 


On Chip Reference 
X 
X 
X 
X 
X 
X 
X 


Precision On Chip Reference 
- 
X 
X 
X 
X 
- 


Dead Time Adjust 
X 
- 
X 
X 
X 
X 
- 


Current Sense Amplifier 
- 
- 
- 
- 
- 
- 
X 


Error Amplifier 
2 
2 
1 
1 
1 
1 
1 


Operates to 40 V 
X 
35 V 
35 V 
35 V 
35 V 
35 V 


- 


Operates above 40 V 
- 
- 
- 
- 
- 
— 
— 


Protection Features 


On Chip Regulator 
X 
- 
- 
- 
- 
- 
- 


Internal Soft Start 
- 
X 
X 
X 
X 
X 
- 


Under Voltage Lockout 
- 
X 
X 
X 
X 
X 
- 


Inhibit Control 
- 
X 
X 
X 
X 
X 
X 


Double Pulse Protection 
- 
X 
X 
X 
X 
X 
- 


Output Features 
Single-ended Output 
X 
- 
- 
- 
- 


Double-ended Outputs 
- 
X 
X 
X 
X 
X 
- 


Totem-Pole Outputs 
- 
- 
X 
X 
X 
X 


- 


Parallelablo Outputs 
- 
- 
- 
- 
- 
- 
- 


External Output Trigger 
- 
- 
- 
- 
- 
- 
- 


AVAILABILITY 


Commercial Temp Range 


Plastic (N Packagel 
X 
X 
X 
X 
X 
X 
X 


Ceramic IJ Package) 
X 
X 
X 
X 
X 
X 
X 


Industrial Temp Range 


Plastic IN Packagel 
- 
X 
X 
X 
X 
X 
X 


Ceramic (J Package) 
- 
X 
X 
X 
X 
X 
X 


Military Temp Range 


Ceramic (J Package) 
X 
X 
X 
X 
X 
X 
X 
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SELECTION GUIDE 


SWITCHING VOLTAGE REGULATOR/CONTROLLERS 


general-purpose switching regulators/controllers 


BASE DEVICE NUMBERS 


TL493 
TL494 
TL495 
TL593 
TL594 
TL595 
TL1451 
PAGES 
6-107 
6-107 
6-107 
6-127 
6-127 
6-127 
6-151 
FEATURES 


General Features 


Fixed On time 
- 
— 
_ 
_ 
_ 
_ 


Fixed Frequency PWM 
X 
X 
X 
X 
X 
X 
X 
Low Bias Current Requirements 
- 
- 
- 
— 
_ 
_ 
_ 


Expandable 
X 
X 
X 
X 
X 
X 
X 


Control Features 


On Chip Reference 
X 
X 
X 
X 
X 
X 
X 
Precision On Chip Reference 
- 
- 
- 
X 
X 
X 
_ 
Dead Time Adjust 
X 
X 
X 
X 
X 
X 
X 
Current Sense Amplifier 
1 
- 
- 
1 
_ 
_ 
_ 


Error Amplifier 
1 
2 
2 
1 
2 
2 
2 
Operates to 40 V 
X 
X 
X 
X 
X 
X 
X 
Operates above 40 V 


- 
- 
X 
- 
- 
X 
- 


Protection Features 


On Chip Regulator 
- 
- 
X 
_ 
_ 
X 
_ 


Internal Soft Start 
- 
- 
- 
- 
_ 
_ 
_ 


Under Voltage Lockout 
- 
- 
- 
X 
X 
X 
_ 


Inhibit Control 
X 
X 
X 
X 
X 
X 


_ 


Double Pulse Protection 
X 
X 
X 
X 
X 
X 
- 


Output Features 


Single-ended Output 
- 
- 
- 
- 
— 
- 
2 
Double-ended Outputs 
X 
X 
X 
X 
X 
X 
_ 


Totem-pole Outputs 
- 
- 
- 
- 
_ 
_ 
_ 


Parallelable Outputs 
X 
X 
X 
X 
X 
X 
_ 
External Output Trigger 


- 
- 
X 
- 
- 
X 
- 


AVAILABILITY 


Commercial Temp Range 


Plastic (N Package) 
X 
X 
X 
X 
X 
X 
X 
Ceramic (J Package) 
- 
X 
- 
- 
- 
- 
X 
Industrial Temp Range 


Plastic (N Package) 
- 
X 
- 
- 
X 
- 
- 
Ceramic (J Package) 
- 
X 
- 
- 
X 
— 
_ 
Military Temp Range 
Ceramic (J Package) 


- 
X 


- 
X 
X 


- 
- 
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SELECTION GUIDE 


special-purpose regulators and controllers 


DEVICE 


NUMBER 
FUNCTION 
FEATURES 
PAGE 


TL580C 
Micropower Dual Switching Regulator 
High-efficiency, low bias current, two control channels. 
6-125 


RM4193 


RC4193 
Micropower Switching Regulator 
High-efficiency, low bias current adjustable output 
voltage, good for battery-backup circuit. 
6-67 


UC3846 


UC3847 
Curent-mode PWM Controller 
Pulse-by-pulse programmable current limiting, 


self start, under-voltago lockout, and shutdown. 
6-217 


TL499 
Wide-Range Power Supply Controller 
Adjustable regulator that switches over to 


battery-backup when line voltage is low. 
6-124 


TL496 
9-Volt Power Supply Controller 
Operates from a variety of sources including 1- and 


2-cell batteries and step-down ac line voltage. 
6-115 


If) 


J2 
3 
O) 
03 
CC 


CD 
U> 
CO 


o 
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GLOSSARY 


SERIES REGULATORS 


Input Regulation 


The change in output voltage, often expressed as a percentage of output voltage, for a change in input voltage from 
one level to another level. 
NOTE: Sometimes this characteristic is normalized with respect to the input voltage change. 


Ripple Rejection 


The ratio of the peak-to-peak input ripple voltage to the peak-to-peak output ripple voltage. 
NOTE: This is the reciprocal of ripple sensitivity. 


Ripple Sensitivity 


The ratio of the peak-to-peak output ripple voltage, sometimes expressed as a percentage of output voltage, to the 
peak-to-peak input ripple voltage. 
NOTE: This is the reciprocal of ripple rejection. 


Output Regulation 


The change in output voltage, often expressed as a percentage of output voltage, for a change in load current from 
one level to another level. 


Output Resistance 


The output resistance under small-signal conditions. 


03 
Temperature Coefficient of Output Voltage («vOl 
CO 
CD 
The ratio of the change in output voltage, usuallyexpressed as a percentage of output voltage, to the change in 
jtj 
temperature. This is the average value for the total temperature change. 


CD 
CQ 
C_ 


03 


o 
-I 


«vo = 
± 
V0 at T2-V0 at T1 
100% 


Vq at 25°C 
T2-Ti 


Output Voltage Change with Temperature 


The percentage change in the output voltage for a change in temperature. This is the net change over the total 
temperature range. 


Output Voltage Long-Term Drift 


The change in output voltage over a long period of time. 


Output Noise Voltage 


The rms value of the ac component of the output voltage, sometimes expressed as a percentage of the dc output 
voltage, with constant load and no input ripple. 


Current-Limit Sense Voltage 


The current-sense voltage at which current limiting occurs. 
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GLOSSARY 


Current-Sense Voltage 


The voltage that is a function of the load current and is normally used for control of the current-limiting circuitry. 


Dropout Voltage 


The low input-to-output differential voltage at which the circuit ceases to regulate against further reductions in input 


voltage. 


Feedback Sense Voltage 


The voltage that is a function of the output voltage and is used for feedback control of the regulator. 


Reference Voltage 


The voltage that is compared with the feedback sense voltage to control the regulator. 


Bias Current 


The difference between input and output currents. 


NOTE: This is sometimes referred to as quiescent current. 


Standby Current 


The input current drawn by the regulator with no output load and no reference voltage load. 


Short-Circuit Output Current 


The output current of the regulator with the output shorted to ground. 
CO 
tm 
o 
Peak Output Current 
JO 


Themaximum output current that can be obtained from the regulator due to limiting circuitry within the regulator. 
^ 


Overvoltage Shutdown Voltage 
CC 


CD 
The input voltage applied to a regulator having overvoltage shutdown protection that will cause the output voltage 
_ 
to go nearly to zero. 
CO 


Junction Temperature, Virtual Junction Temperature 
«if 


A temperature representing the temperature of the junction(s), field-effect transistor channel(s), or other internal point(s) 
of heat generation calculated on the basis of a simplified model of the thermal and electrical behavior of the 
semiconductor device. 
I( 


SHUNT REGULATORS 


NOTE: These terms and symbols are based on JEDEC and IEC standards for voltage regulator diodes. 


Shunt Regulator 


A device having a voltage-current characteristic similar to that of a voltage-regulator diode; normally biased to operate 
in a region of low differential resistance (corresponding to the breakdown region of a regulator diode) to develop across 
its terminals an essentially constant voltage throughout a specified current range. 
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GLOSSARY 


Anode 


The electrode to which the regulator current flows within the regulator when it is biased forregulation. 


Cathode 


The electrode from which theregulator current flows within the regulator when it is biased for regulation. 


Reference Input Voltage (Vref) (of an adjustable shunt regulator) 


The voltage at the reference input terminal with respect to the anode terminal. 


Temperature Coefficient of Reference Voltge («Vref) 


The ratio of the change inreference voltage to the change intemperature. This is the average value for the total 
temperature change. 
To obtain a value in ppm/°C: 


"Vref 
= 
Vref at T2-Vref at Ti 


Vref at 25°C 


106 


T2-T1 


Regulator Voltage (Vz) 


The dc voltage across the regulator when it is biased for regulation. 


Regulator Current dz) 


The dc current through the regulator when it is biased for regulation. 


03 
CQ 
Regulator Current near Lower Knee of Regulation Range (Izk) 
CD 
Theregulator currentnearthe lower limit ofthe region within whichregulation occurs;thiscorresponds to the breakdown 
C* 
knee of a regulator diode. 


CO 
C_ 
Regulator Current at Maximum Limit of Regulation Range (IzmI 


03 
»•+ 
The regulator current above which the differential resistance of the regulator significantly increases. 


—1 
to 
Differential Regulator Resistance (rz) 


The quotientof a change involtageacross the regulator and the corresponding change incurrentthroughthe regulator 
when it is biased for regulation. 


Noise Voltage (Vnz) 


The rms value of the ac component of the voltage across the regulator with the regulator biased for regulation and 
with no input ripple. 
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LINEAR 
INTEGRATED 
CIRCUITS 


Output Voltage Range Adjustable 
from 1.2 Vto 37 V 


Guaranteed Output Current 
Capability of 1.5 A 


Input Regulation Typically 0.01% 
Per Input-Volt Change 


• 
Output Regulation Typically 0.1% 


terminal assignments 


KCPACKAGE 


TYPES LM217, LM317 
3-TERMINAL ADJUSTABLE REGULATORS 


D2212, SEPTEMBER 1977 - REVISED DECEMBER 1982 


Peak Output Current Constant Over 
Temperature Range of Regulator 


Popular 3-Lead TO-220AB Package 


Ripple Rejection Typically 80 dB 


Direct Replacement for National 
LM217 and LM317 


(TOP VIEW) 


INPUT 
OUTPUT 
ADJUSTMENT 


THE OUTPUT TERMINAL IS IN 
ELECTRICAL CONTACT WITH 


THE MOUNTING BASE 


TO-220AB 


description 


The LM217, and LM317 are adjustable 3-terminal positive-voltage regulators capable of supplying 1.5 amperes over 
a differential voltage range of 3 volts to 40 volts. They are exceptionally easy to use and require only two external 
resistors to set the output voltage. Both input and output regulation are better than standard fixed regulators. The 
devices are packaged in a standard transistor package that is easily mounted and handled. 


In addition to higher performance than fixed regulators, these regulators offer fulloverload protection available only 
in integrated circuits. Included on the chip are current limit, thermal overload protection, and safe-area protection. 
All overload protection circuitry remains fully functional even if the adjustment terminal is disconnected. Normally, 
no capacitors are needed unless the device is situated far from the input filter capacitors in which case an input bypass 
is needed. An optional output capacitor can be added to improve transient response. The adjustment terminal can 
be bypassed to achieve very high ripple rejection, which is difficult to achieve with standard 3-terminal regulators. 


Besides replacing fixed regulators, these regulators are useful in a wide variety of other applications. The primary 
applications of each of these regulators is that of a programmable output regulator, but by connecting a fixed resistor 
between the adjustment terminal and the output terminal, each device can be used as a precision current regulator. 
Even though the regulator is floating and sees only the input-to-output differential voltage, use of these devices to 
regulate output voltages that would cause the maximum-rateddifferentialvoltage to be exceeded ifthe output became 
shorted to ground is not recommended. The TL783or TL783A is recommended for output voltages exceeding 37 
volts. Supplies with electronic shutdown can be achieved by clamping the adjustment terminal to ground, which 
programs the output to 1.2 volts where most loads draw little current. 


The LM217and LM317 are characterized for operation from -25°Cto 150°C and from 0°C to 125°C, respectively. 


Copyright 0 
1982 by Texas Instruments Incorporated 
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TYPES LWI217, LM317 
3-TERMINAL ADJUSTABLE REGULATORS 


schematic 


absolute maximum ratings over operation temperature range (unless otherwise noted) 


oINPUT 


OADJUSTMENT 


LM217 
LM317 
UNIT 
Input-to-output differential voltage, V| - Vq 
40 
40 
V 
Continuous total dissipation at 25 °C free-air temperature (soo Note 11 
2000 
2000 
mW 
Continuous total dissipation at (or below) 25 °C case temperature (see Note 11 
20 
20 
W 
Operating free-air, case, or virtual junction temperature range 
-25 to 150 
0 to 125 
°c 
Storage temperature range 
-65 to 150 
- 65 to 150 
°c 


Lead tempomiure 1,6 mm (1/16 inch) from case for 10 seconds 
260 
260 
°c 


NOTE 1: Foroperationabove 25"C tree-airor case temperature,referto Figures 15and 16. Toavoidexceedingthe designmaximum virtualjunctiontemperature, 
these ratings should not be exceeded. Duo to variations in individual device electrical characteristics and thermal resistance, the built-in thermal overioad 
protection may be activated at powor lovels slightly abovo or below the rated dissipation. 


recommended operating conditions 


LM217 
LM317 
UNIT 
MIN 
MAX 
MIN 
MAX 
Output curront. lo 
5 
1500 
10 
1500 
mA 
Operating virtual junction temperature. Tj 
-25 
150 
0 
125 
°c 
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TYPES LM217, LM317 
3-TERMINAL ADJUSTABLE REGULATORS 


electrical characteristics over recommended ranges of operating virtual junction temperature 
(unless otherwise noted) 


PARAMETER 
LM217 
LM317 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Input regulation 


(See Note 2) 
V| - Vq = 3 V to 40 V, 


See Note 3 
Tj = 25°C 
0.01 
0.02 
0.01 
0.04 
%/V 
Iq = 10 mA to 1.5 A 
0.02 
0.05 
0.02 
0.07 


Ripple rejection 
Vo = 10 V. 
f = 120 Hz 
65 
65 


dB 
Vq = 10 V. 
f = 120 Hz 
10-jiF capacitor between ADJ and ground 
66 
80 
66 
80 


Output regulation 


Iq = 10 mA to 1.5 A, 
Tj • 25 °C. See Note 3 
V0 £ 5 V 
5 
15 


V0 > 5 V 
0.1 
0.3 
0.1 
0.5 
% 


l0 = 10 mA to 1.5 A. 


See Note 3 
VDs5V 
20 
50 
20 


V0> 5 V 
0.3 
1 
0.3 
1.5 
% 


Output voltage change 


with temperature 
Tj = MIN to MAX 
1 
1 
% 


Output voltage 


long-term drift 


(see Note 4) 


After 1000 h at Tj = MAX 
and V| - V0 = 40 V 
0.3 
1 
0.3 
1 
% 


Output noise voltage 
f = 10 Hz to 10 kHz, Tj = 25°C 
0.003 
0.003 
% 


Minimum output current 


to maintain regulation 
V, - V0 = 40 V 
3.5 
5 
3.5 
10 
mA 


Peak output current 
V|- V0 S 15 V 
1.5 
2.2 
1.5 
2.2 
A 
V| - 
V0 £ 40 V 
0.4 
0.4 


Adjustment-terminal 


current 
50 
100 
50 
100 
pA 


Change in adjustment- 


terminal current 


V| - V0 
= 2.5 V to 40 V. 
Iq = 10 mA to 1.5 A 
0.2 
5 
0.2 
5 
pA 


Reforence voltage 


(output to ADJ) 


V| - V0 
= 3 V to 40 V, 
l0 = 10 mA to 1.5 A, 
P < 20 W 
1.2 
1.25 
1.3 
1.2 
1.25 
1.3 
V 


' Unless otherwisenotod.these specifications applyforthe following test conditions; V| - V0 = 5 Vand Iq = 0.5 A. Forconditions shown as MIN 
or MAX, use the appropriate value specified under recommended operating conditions. 
NOTES: 2. Input regulation is expressed hero as the percentage chango in output voltoge per 1-voltchange at the input. 
3. Input regulation andoutputregulation aremeasured using pulse techniques (tw s 10jis.dutycycle 5 5%)to limit changes In average internal 
dissipation. Outputvoltagechangesdue to largechangesin internal dissipation must bo taken into account separately. 
4. Sincelong-term drift cannotbemeasured onthoindividual devices prior to shipment, thisspecification isnot intended to bea guarantoo orwarranty. 
It is an engineeringestimate of the average drift to be expected fromlot to lot. 
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TYPES LM217, LM317 
3-TERMINAL ADJUSTABLE REGULATORS 


FIGURE 1-ADJUSTABLE 
VOLTAGE REGULATOR 


-4-VA-f 


FIGURE 4-PRECISIONCURRENT 


LIMITER CIRCUIT 


TYPICAL APPLICATION DATA 


'D1 discharges C2 
— 


If output ii shorted to ground. 


FIGURE 3-ADJUSTABLE REGULATOR 
CIRCUIT WITH IMPROVED 
RIPPLE REJECTION 


FIGURE 2-0-V to 30-V REGULATOR 
CIRCUIT 


FIGURES-TRACKING PREREGULATOR 


CIRCUIT 


IN 
OUT 
ADJ 


FIGURE 6-1.2 to 20-V REGULATOR 
CIRCUIT WITH MINIMUM 
PROGRAM CURRENT 


Minimum load curront from each output is 10 mA. 
"& 
All output voltages will be within 200 mV of each other. 


FIGURE 7-ADJUSTING MULTIPLE ON-CARD REGULATORS WITH A SINGLE CONTROL 


NOTES: A. Use of an input bypass capacitor Is recommended if regulator Is far from filter capacitors. 


B. Use of an output capacitor Improves transient response but Is optional, 


C. Output voltaga iscalculated from thaequation: 
V • V,af(1 *ffi 
) 


V 
equals the difference betv 
i the output and adjustr 
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TYPES LM217, LM317 
3-TERMINAL ADJUSTABLE REGULATORS 


TYPICAL APPLICATIONS 


'Rg controls output impedance of chorg 


R2 
ZOUT "BS"*—' 


Tho use of Fig allows low charging ratos with a fully- 
charged battory. 


FIGURE 8-BATTERY CHARGER CIRCUIT 


V0-16V 


12V|>p 


ADJ 
IN 
OUT 


I 


FIGURE 9-50-mA CONSTANT-CURRENT 
BATTERY CHARGER CIRCUIT 


6Vp-p 
2 W Avaraga 
•°CT 


FIGURE 10-SLOW-TURN-ON 15V 
REGULATOR CIRCUIT 


t This resistor sets peak current (0.6 A for 1 £1) 
FIGURE 11-A-C VOLTAGE REGULATOR 
FIGURE 12-CURRENTLIMITED 


CIRCUIT 
6-V CHARGER 


FIGURE 13-ADJUSTABLE4A REGULATOR 


1 Minimum load currant Is 30 mA. 


^Optional capacitor Improves ripple rojection 


o v0 


FIGURE 14-HIGH-CURRENT ADJUSTABLE REGULATOR 


If) 


JO 


3 
Ui 
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cc 
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TYPES LM217, LM317 
3-TERMINAL ADJUSTABLE REGULATORS 


THERMAL INFORMATION 


2000 


1800 


1600 


1400 


1200 


1000 


800 


600 


400 


200 


FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE 


1 
1 
Derating factor = 16 mW7°C 


F»0JA * 6 2.5°C/W 


\ 
25 
50 
75 
100 
125 
150 
Ta—Free-Air Temperature—°C 


22 


20 


18 


16 


14 


12 


10 


CASE TEMPERATURE 
DISSIPATION DERATING CURVE 


\ 


.\ 
\ 
\ 


6 


?Rn mw/°r 
above 70°C 


n 
R0JC^ 


1 
4 C/W 


. _ 
25 
50 
75 
100 
125 
Tc—Case Temperature—°C 


FIGURE 16 


150 
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LINEAR 
INTEGRATED 
CIRCUITS 


Output Voltage Range Adjustable 
from-1.2 Vto-37 V 


Guaranteed lo Capability of 1.5 A 
Input Regulation Typically 0.01% per 
Input-Volt Change 
Output Regulation Typically 0.3% 


Peak Output Current Constant Over 
Temperature Range of Regulator 


Ripple Rejection Typically 77 dB 


Direct Replacement for National 
Semiconductor LM237, LM337 


description 


The LM237 and LM337 are adjustable 3-terminal negative-voltage regulators capable of supplying in excess of -1.5 A 
over an output voltage range of -1.2 V to -37 V. They areexceptionally easy to use, requiring only twoexternal 
resistors to set the output voltage and one output capacitor for frequency compensation. The current design has been 
optimized for excellent regulation and low thermal transients. In addition the LM237 and LM337 feature internal 
current limiting, thermal shutdown, and safe-area compensation, making them virtually immune to blowout by 


overloads. 


The LM237 and LM337 serve a wide variety of applications including local on-card regulation, programmable output 
voltage regulation, or precision current regulation. They are ideal complements to the LM217 and LM317 adjustable 


positive-voltage regulators. 


ADJUSTMENT 
schematic diagram 


TYPES LM237, LM337 
3-TERMINAL ADJUSTABLE REGULATORS 


D2640, NOVEMBER 1981 


LM237. LM337 . . . KC PACKAGE 


TOP VIEW) 


OUTPUT 
INPUT 
ADJUSTMENT 


THE INPUT TERMINAL IS IN 
ELECTRICAL CONTACT WITH 
THE MOUNTING BASE 


TO-220AB 


1— INF 


Copyright 
1983 by Texas Instrumoms Incorporated 
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TYPES LM237, LM337 
3-TERMINAL ADJUSTABLE REGULATORS 


absolute maximum ratings over operating temperature range (unlessotherwise noted) 


Input-to-output differential voltage, V| —Vo 
—40V 
Continuous totaldissipation at 25°C free-air temperature (see Note 1) 
• 2W 
Continuous total dissipation at (or below) 25°Ccasetemperature (see Note 1) 
20W 
Operatingfree-air,case,or virtual junction temperature range: LM237 
-25°C to 150°C 
LM337 
0°C to 125°C 
Storage temperature range 
—65°C to 150°C 
Leadtemperature 1/16 inch from case for 10 seconds 
260°C 


NOTE 1: For operation above 25°C free-air orcase temperature, refer toFigures 1and 2.To avoid exceeding the design maximum virtual junction tomporature. 
theseratings should notbeexceeded. Duo to variations inindividual device electrical characteristics andthermal resistance, thebuilt-in thermal overload 
protection may be activated at power levels slightlyabove or below the rated dissipation. 


2000 


1800 
| 
1600 


£ 
1400 


Q 
1200 


1000 


c 
800 
o 
(J 
600 


400 


200 


FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE 
i 
1 
r~ 
KC (TO220AB) package 
Derating factor = 16 mW/°C 
-R0JA = 62.5°C/W 


50 
75 
100 
125 
Ta—Free-Air Temperature- C 


FIGURE 1 


150 


22 


5 
20 


18 
o 


Q. 
16 


5 
14 


3 
0 
12 


_C 
10 


o 
o 
8 


E 
3 
fi 
b 


X 
4 
s 
2 


CASE TEMPERATURE 
DISSIPATION DERATING CURVE 


\ 


above 70°C 


R0JCa-4°C/W 
\ 


25 
50 
75 
100 
125 
Tc-Case Temperature-°C 
150 


FIGURE 2 
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TYPES LM237, LM337 
3-TERMINAL ADJUSTABLE REGULATORS 


recommended operating conditions 


LM237 
LM337 
UNIT 
MIN 
MAX 
MIN 
MAX 


Output current, lo 


|V|- V0I < 40 V, 


P< 15W 
10 
1500 
10 
1500 


mA 
IV| - VqI < 10 V. 
6 
1500 
6 
1500 


Operating virtual junction temperature, Tj 
-25 
150 
0 
125 
"C 


electrical characteristics over recommended ranges of operating virtual junction temperature 
(unless otherwise noted) 


PARAMETER 
TEST CONDITIONS1 
LM237 
LM337 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Input regulation! 
V| - Vq • -3 V to -40 V, 


See Note 2 
Tj - 25°C 
0.01 
0.02 
0.01 
0.04 
%/V 
Tj " MIN to MAX 
0.02 
0.05 
0.02 
0.07 


Ripplo rejection 


V0 = -10V. 
f - 120 Hz 
60 
60 


dB 
v0'---io V, 


Cadj-io^f 


f = 120 Hz 
66 
77 
66 
77 


Output regulation 


l0 • 10 mA to 1.5 A, 
Tj = 25°C,SeeNote2 
|V0K5V 


|VqI > 5 V 
0.5 
1 
% 


Iq " 10 mA to 1.5 A, 


See Note 2 


IVqI <5 V 
50 
70 
mV 


|V0I > 5 V 
1 
1.5 
% 


Output voltage 


change with temperature 
Tj » MIN to MAX 
0.6 
0.6 
% 
00 
a- 
o 
Output voltage 


long-term drift 


(see Note 3) 


After 1000hatTj • MAX and V| - Vo = -40V 
0.3 
1 
0.3 
1 
% 


4-> 


3 
U) 
03 
Output noise voltage 
f= 10 Hz to 10 kHz. 
Tj-25"C 
0.003 
0.003 
% 


Minimum output 


current to maintain 


regulation 


IV| -Vol <40 V 
2.5 
5 
2.5 
10 
mA 
CC 


|V| -V0I < 10V 
1.2 
3 
1.5 
6 
0) 
Ui 


Peak output current 
IV| -VqI < 15 V 
1.5 
2.2 
1.5 
2.2 
A 
CO 


|V| - VqI <40V, 
Tj - 25°C 
0.24 
0.4 
0.15 
0.4 
o 
Adjustment- 
65 
100 
65 
100 
M 
> 


Change in adjustment 


terminal current 


V| - Vq= -2.5 V to-40 V 
Iq= 10 mA to MAX, 
Tj-25°C 
2 
5 
2 
5 
PA B 
Reference voltage 


(output to ADJ) 


V, - V0' -3 to-40 V, 
l0= 10 mA to 1.5 A, 


P •; rated dissipation 


Tj =25°C 
-1.225 -1.250 --1.275 
-1.213 
-1.25 -1.287 
V 
Kfl 


Tj - MIN to MAX 
-1.2 
-1.25 
-1.3 
-1.2 
-1.25 
-1.3 


Thermal regulation 
Initial Tj = 25°C, 
10-ms pulse 
0.002 
0.02 
0.003 
0.04 
%/w 


'Unlaw otherwise noted, these specifications apply for the following test conditions IV| - VqI" 5 V ond Iq • 0.5 A. For conditions shown as 
MIN or MAX. use tho appropriate voluo specifiod under recommended oporating conditions. 
t Input regulation Is oxprossed horo ns tho percantogo change in output voltogo per 1 volt change at tho Input. 
NOTES: 
2. Input regulation ond output regulation aro moasurod using pulso techniques (tw < 10 /is, duty cyclo < 5%) to limit changos in 
average 
internal dissipation. Output voltago changes duo to lorgo changes In internal dissipation must bo taken into account 


separately. 
3. 
Sinco long term drift cannot be moasurod on tho individual dovlcos prior to shipment, this specification is not intended to bo o 
guarantoo or warranty. It Is an englnooring estimate of tho average drift to bo oxpectod from lot to lot. 
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TYPES LM237, LM337 
3-TERMINAL ADJUSTABLE REGULATORS 


TYPICAL APPLICATION DATA 


LM237 


OR 


LM337 


Vo 
IN 
OUT 
T 


1 


1 
C1^ 


ADJ 
> 
R1 


\*y C2 


R1 
Rl is typically 120 n. 
/-V0 
\ 
R2 •» R1J 
-II whero Vq istheoutput involts. 


Cl is a 1-uF solid tantalum required only if the regulator is more than 10 cm (4 in.) from the 


power supply filter capacitor. 
C2 isa 1-uF solid tantalum or 10-uF aluminum electrolytic required for stability. 


FIGURE 3 - 
ADJUSTABLE NEGATIVE-VOLTAGE REGULATOR 


V|- 


LM237 


OR 


LM337 


RS' 
1.25 V 


Rs 
-A/W 


"LIMIT 


FIGURE 4-CURRENTLIMITING CIRCUIT 


•v0 
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LINEAR 
INTEGRATED CIRCUITS 


3-Terminal Regulators 


Internal Thermal Overload Protection 


Internal Short-Circuit Current Limiting 


Easily Adjustable to Higher Output Voltage 


Interchangeable with National 
Semiconductor LM320 Series 


NOMINAL 
MAXIMUM 


OUTPUT 
OUTPUT 
REGULATOR 


VOLTAGE 
CURRENT 
-5 V 
1.5 A 
LM320-5 


-12 V 
1 A 
LM320-12 


-15 V 
1A 
LM320-15 


TYPE SERIES LM320 
3-TERMINAL NEGATIVE-VOLTAGE REGULATORS 


D2334. APRIL 1983 


KC PACKAGE 


TOP VIEW) 


THE INPUT TERMINAL IS IN 
ELECTRICAL CONTACT WITH 
THE MOUNTING BASE 


TO-220AB 


description 
The LM320 series of three-terminal, fixed-negative-voltage monolithic integratedcircuitvoltageregulatorsare designed 
to providea fixedoutput voltage of - 5 volts, -12 volts, and - 15 volts with up to 1.5 amperes of output current. 
Each isdesigned fora wide range ofapplications which includes on-card regulation for elimination ofnoise anddistribution 
problems associated with single-point regulation. 


The internal current limiting and thermal shutdown features of these regulators make them essentially immune to 
overload.The LM320,when used as a fixed-voltage regulator, needs onlyone external component: a compensation 
capacitor attheoutput terminal. In addition, thesedevices canbeused with external components to obtain adjustable 
output voltages and currents or as the power-pass element in precision regulators. 


schematic diagram 


LM320-5 


750<>Slk'2 


— 
INPUT 


For LM320-5, R* = 50 0. For LM320-12 and LM320-15. R* » 150 tl 


All component values are nominal. 


00 


Copyright 
~i 1983 by Toxas Instruments Incorporated 
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TYPE SERIES LM320 
3-TERMINAL NEGATIVE-VOLTAGE REGULATORS 


absolute maximum ratings over operating temperature range (unless otherwise noted) 


Input voltage: LM320-5 
- 25 V 
LM320-12 
- 35 V 
LM320-15 
' ' 
_35 v 
Input-output voltage differential 
25 V 
Continuous total dissipation at 25 °C free-air temperature (see Note 1) 
2 W 
Continuoustotal dissipation at (or below) 25°C case temperature (see Note 1) 
15 W 
Operating free-air, case, or virtual junction temperature range 
-55°C to 150°C 
Storage temperature range 
- 65 °C to 150 °C 
Leadtemperature 1,6 mm (1/16 inch) from case for 10 seconds 
260 °C 


NOTE 1:For operation above 25°Cfree-air orcasetemperature, refer toFigures 1and2.Toavoid exceeding thedesign maximum virtual junction tomperature. 
these ratingsshouldnot be exceeded. Dueto variations inindividual deviceelectrical characteristicsand thermalresistance, the built-in thermaloverload 
protection may be activated at power levels slightly above or bolow the rated dissipation. 


FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE 
2000 


5 
1800 
E 


c 
1600 
g 
£ 
1400 
I 
1200 


1000 


800 


600 


400 


200 


sz 


Deratin 
factor = 16mW/°C 
\ 
R0JA * 62.5°C/W 
\ 
25 
50 
75 
100 
125 


T/\—Free-Air Temperature—°C 


FIGURE 1 


recommended operating conditions 


150 


Hi 


CASE TEMPERATURE 


DISSIPATION DERATING CURVE 


S 
14 
\ 
\ 


Derating factor = 3.25 W/°C 
ab 
R0JC* 


>ve 90 C 
4°C/W 


•2 
12 


3 
10 


2 


25 
50 
75 
100 
125 


Tc—Case Temperature- C 


FIGURE 2 


150 


MIN 
MAX 
UNIT 


Input voltage.V| 


LM320-5 
-7.5 
-25 


V 
LM320-12 
-14.5 
-32 


LM320-15 
-17.5 
-35 


Output current, Iq 


LM320-5 
1.5 


A 
LM320-12 
1 


LM320-15 
1 
Operating virtual junction temperature, Tj 
0 
125 
°C 
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TYPE SERIES LM320 
3-TERMINAL NEGATIVE-VOLTAGE REGULATORS 


LM320-5 electrical characteristics at specified virtualjunction temperature, lo = 5 mA, V| - 
(unless otherwise noted) 


10 V, 


PARAMETER 
TEST CONDITIONS' 
MIN 
TYP 
MAX 
UNIT 


Output voltage 


Tj = 25°C 
-4.8 
-5.2 


V 
V| = -7.5 V to -25 V. 


P 
s 
15 W. 
lO = 5 mA to 1.5 A, 
Tj = 0°C to 125°C 
-4.75 
-5.25 


Input regulation 
V| = -7.5 Vto -25 V. 
Tj = 25°C 
10 
40 
mV 


Ripple rejection 
f 
= 
120 Hz, 
Tj - 0°C to 125°C 
54 
64 
dB 


Output regulation 
Iq = 5 mA to 1.5 A, 
Tj = 25°C 
50 
100 
mV 


Output noise voltage 
Cl = 1 p?. f = 10 Hz to 100 kHz. 
Tj - 25°C 
150 
«v 


Output voltage long-term 


drift (soo Note 2) 
After 1000 h at Tj = 125°, 
Tj = 25°C 
10 
mV 


Bias current 
V| = -7.5 V to -25 V. 
Tj = 0°C to 125°C 
1 
2 
mA 


Bias current change 
V| = -7.5 V to -25 V 
Tj = 25°C 
0.1 
0.4 
mA 
Iq = 5 mA to 1.5 A 
0.1 
0.4 


LM320-12 electrical characteristics at specified virtualjunction temperature, lo = 5 mA, V| - -17 V, 
(unless otherwise noted) 


PARAMETER 
TEST CONDITIONS' 
MIN 
TYP 
MAX 
UNIT 


Output voltage 


Tj 
= 25°C 
-11.6 
-12 
-12.4 


V 
V| = -14.5 V to -32 V. 


P 
S 
15 W, 
Iq = 5 mA to 1 A, 
Tj = 0°C to 125°C 
-11.4 
-12.6 


Input regulation 
V| = -14.5 V to -32 V, 
Tj = 25 °C 
4 
20 
mV 


Ripple rejection 
f 
- 
120 Hz, 
Tj = 0°C to 125°C 
56 
80 
dB 


Output regulation 
Iq = 5 mA to 1 A. 
Tj = 25°C 
30 
80 
mV 


Output noise voltago 


Output voltage long-term 


drift (soo Note 2) 
After 1000 h at Tj = 125°C, 
Tj = 25 °C 
24 
mV 


Bias current 
V| = -14.5 V to -32 V. 
Tj = 0°C to 125°C 
2 
4 
mA 


Bias current change 
V| = -14.5 V to -32 V 
Tj - 25°C 
0.1 
0.4 
mA 
Iq = 5 mA to 1 A 
0.1 
0.4 


LM320-15 electrical characteristics at specified virtual junction temperature, lo = 5 mA, V| - -20 V, 
(unless otherwise noted) 


PARAMETER 
TEST CONDITIONS1 
MIN 
TYP 
MAX 
UNIT 


Output voltage 
Tj = 25°C 
-14.5 
-15 
-15.5 


V 
V| = -17.5 V to -35 V. 


P s 
15 W, 


Iq = 5 mA to 1 A, 
Tj - 0°C to 125°C 
-14.3 
-15.7 
I 
Input regulation 


Ripple rejection 
f - 
120 Hz, 
Tj = 0°C to 125°C 
56 
80 
dB 


Output regulation 
lO = 5 mA to 1 A 
Tj - 25°C 
30 
80 
mV 


Output noise voltago 
C[_ = 1 pF. f = 10 Hz to 100 kHz. 
Tj - 
25 °C 
400 
(.V 


Output voltage long-term 


drift (see Note 21 
After 1000 h at Tj = 125°C. 
Tj = 25°C 
30 
mV 


Bias current 
V| = -17.5 V to -35 V. 
Tj = 0°C to 125°C 
2 
••• 
mA 


Bias current change 
V| 
-17.5 V to -35 V, 
Tj = 25°C 
0.1 
0.4 
mA 
Iq = 5 mA to 1 A 
0.1 
0.4 


'Allcharacteristics aro moasured with a 1-pF capacitor across theinput and a2-,.F solid-tantalum capacitor across theoutput. All characteristics except ripple 
rejection and output noise voltago aromoasured using pulse techniques ltw s 10ms.duty cyclo s 5%l.Output voltago changes duetochanges ininternal 


temperature must bo taken into account separately. 
NOTE 2:Since long-term drift cannotbomeasured ontheindividual devices prior toshipment, thisspecification isnotintended to boaguarantoo orwarranty. 
It is an engineering estimate of the average drift to be expected from lot to lot. 
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TYPE SERIES LM320 
3-TERMINAL NEGATIVE-VOLTAGE REGULATORS 


TYPICAL CHARACTERISTICS 


NORMALIZED OUTPUT VOLTAGE 


vs 
VIRTUAL JUNCTION TEMPERATURE 


RIPPLE REJECTION 


vs 


FREQUENCY 
1.01 


L M32C -12 A MD LP/I320- 15 


LM320-5 


1.00 


0.99 


.3 
1.01 


1.00 


0.99 
-50 -25 
0 
25 
50 
75 
100 
125 
150 


Tj—Virtual Junction Temperature—°C 


FIGURE 3 


BIAS CURRENT 


vs 


INPUT VOLTAGE 


-Tj = -55° 


tj = : 5°C 


y 
+" 


T j = 150=C 


/ 
p—" 


< 
O 


«■♦ 
03 
CO 
CO 


73 
CD 
CQ 
C 
1.30 
Q> 
!•+ 
o 
1.2b 


(A 
PI 
< 


1.20 


Ka 
c 


1.1b 


t 
1.10 


(J 
1.05 
to 


1.00 


0.95 


0.90 
0 
-5 
-10 -15 
-20 
-25 -30 -35 
-40 


V|-lnput Voltage-V 


FIGURE 5 


100 


100 
Ik 
10 k 


f—Frequency—Hz 


FIGURE 4 


BIAS CURRENT 


vs 
OUTPUT CURRENT 


100 k 


1.3 
TJ-- 55°C 


/ 
TJ ==25°C 


' 


Tj = 150 
C 


^ 


< 
1.2 


E 


3 
1 1 


1.0 


0.9 
0.25 
0.5 
0.75 
1 
1.25 
1.50 


lO—Output Current—A 


FIGURE 6 
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TYPE SERIES LM320 
3-TERMINAL NEGATIVE-VOLTAGE REGULATORS 


TYPICAL CHARACTERISTICS 


SHORT-CIRCUIT OUTPUT CURRENT 


vs 
INPUT-OUTPUT VOLTAGE DIFFERENTIAL 


I/1" 
= -E 5°C 
~Nf^ 


. 
/T.i = 25°C 
\ 
§ ^\ 


Tj = 150° <3^ 
^ 


3 
6 
9 
12 
15 
18 
21 


Input-Output Voltage Differential-V 


FIGURE 7 


24 


2.6 


2.4 


2.2 


> 
2.0 
I 
| 
1.8 
4- 


> 
« 
I 
1.4 
o 
° 
1.2 


1.0 


0.8 


0.6 


DROPOUT VOLTAGE 


vs 
OUTPUT CURRENT 


/ 
/ 
// 
/ y" 


-Tj = -55°C 
^^ = 25°C 
s 
I 
Tj = 150°C 


0.25 
0.5 
0.75 
1.0 


IQ-Output Current-A 


FIGURE 8 


1.25 
1.5 


OUTPUT IMPEDANCE 


vs 
FREQUENCY 


0.01 
100 
1k 
10 k 
100 k 
1M 
10 M 


f—Frequency—Hz 


FIGURE 9 
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TYPE SERIES LM320 
3-TERMINAL NEGATIVE-VOLTAGE REGULATORS 


-V, 
I 
LM320 
0 


C 


Cl = 
IpF 


See Note A 


TYPICAL APPLICATION INFORMATION 


--V0 


C2 = 2/jF 


See Note B 


LM320-5 
,L=1mA+lr 


LM320-12KC 


IL = 2 mA + 
R1 


LM320-15KC 


lL = 2mA+ - 


FIGURE 10 - 
FIXED-VOLTAGE REGULATOR 
FIGURE 11 - 
CURRENT SOURCE REGULATOR 


INPUT 


V° 
R1+R2 
V0 = VR2 


2£1C2 =2jjF 


See Note B 


FIGURE 12 - 
ADJUSTABLE OUTPUT REGULATOR 


R2 


OUTPUT 
0 
See Notes A . 


and C 


510A 
^C2=10/iF 
See Note B 


1N829 


0.005% 


m 


FIGURE 13 - 
HIGH-STABILITY REGULATOR 


NOTES: A. Capacitor Cl is required iftheregulator is notlocated within 75mm (3inches) ofthepower supply filtor. 
B. Capacitor C2 isrequired for stability. For the value given, the capacitor must bo solid tantalum but a 25-^F aluminum electrolytic may besubstituted. 
Values given may be increased without limit. 
C. In Figure 13 capacitor Cl is solid tantalum. 
D. This resistor determines loner curront. Adjust to minimize thermal drift. 
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LINEAR 
INTEGRATED 
CIRCUITS 


Input-Output Differential Less than 0.6 V 


Output Current of 150 mA 


Reverse Polarity Protection 


Line Transient Protection 


Internal Short-Circuit Current Limiting 


Internal Thermal Overload Protection 


Mirror-Image Insertion Protection 


Direct Replacement for National LM330T-5.0 


TYPE LM330 
3-TERMINAL POSITIVE REGULATOR 


D2700, APRIL 1983 


KCPACKAGE 


(TOP VIEWI 


THE COMMON TERMINAL IS IN 
ELECTRICAL CONTACT WITH 
THE MOUNTING BASE 


TO-220AB 


description 
The LM330 3-terminal positive regulator features an ability tosource 150miliiamperes ofoutput current with aninput- 
output differential of 0.6volt or less. Familar regulator features such ascurrent limit and thermal overload protection 


are also provided. 
The LM330 haslow dropout voltage making ituseful for certain battery applications. For example, since thelow dropout 
voltage allows a longer battery discharge before the output falls out ofregulation, a battery supplying theregulator 
input voltage may discharge to 5.6volts and still properly regulate thesystem and load voltage. The LM330 protects 
both itself and the regulated system from reverse installation of batteries. 


Other protection features include line transient protection above 40 volts, where theoutput actually shuts down to 
avoid damaging internal and external circuits. The LM330 regulator cannot be harmed bytemporary mirror-image 


insertion. 


schematic diagram 


Copyright 6 1983 by Texas Instruments Incorporated 
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TYPE LM330 
3-TERMINAL POSITIVE REGULATOR 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Continuous input voltage 
.. 
Transient input voltage I = Is 
,-0v 
1=10° ™ 
.......'.'.'.'.'.'.'.'.'.'.'.'.'.'.[ 
60 V 
Continuous total dissipation at 25°C free-air temperature (see Note 1) 
2 W 
Continuous total dissipation at (or below) case temperature (see Note 1) 
20W 
Operating free-air, case, or virtual junction temperature 
-55°C to 150°C 
Storage temperature 
'.'.'.'.'.'.'.'.'.'..'.'. 
-65°C to 150°C 
Lead temperature 1,6mm (1/16 inch) from case for 10seconds 
260°C 


NOTE 1: For operation above 25°C free-air or case temperature, refer to Figures 1and 2. To avoid exceeding tho design maximum virtual junction temperaturo 
these ratings should not beexceeded. Due tovanations in ind.vidual dev.ce electrical characteristics and thermal resistance, the built-in thermal overioad 
protection may be activatedat powerlevelsslightly abovo or below tho rated dissipation. 


FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE 
CASE TEMPERATURE 
DISSIPATION DERATING CURVE 
2000 


3 
1800 
E 


c 
1600 
| 
1400 


^ 
q 
1200 
S. 
i 
1000 


\ 
Derating factor =16 mW7°C 


F OJA * 62 .5 C/W 


\ 
\ 


70 
\ 


4 
v 


above 70°C 


0 
R0JC* 4°C/W 


If) 


800 


600 


400 


200 


25 
50 
75 
100 
125 
T/^—Free-Air Temperature—°C 


FIGURE 1 


recommended operating conditions 


150 
25 
50 
75 
100 
125 
Tc—Case Temperature—°C 


FIGURE 2 


150 


MIN 
MAX 
UNIT 
•O 
Output current 
5 
150 
mA 
Ta 
Operating virtual junction temperature 
0 
100 
°C 
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TYPE LM330 
3-TERMINAL POSITIVE REGULATOR 


electrical characteristics at 25°C virtual junction temperature, V| = 14 V, lo - 150 mA, 
(unless otherwise noted) 


PARAMETERS 
TEST CONDITIONS1 
MIN 
TYP 
MAX 


5.2 


UNIT 


Output voltage 
Tj - 0°C to 100°C 
4.75 
5.25 
V 


Input regulation 
Iq = 5 mA 
V| = 9 V to 16 V 
7 
25 
mV 
V| = 6 V to 26 V 
30 
60 


Ripple rejection 
f 
= 
120 Hz 
56 


Output regulation 
Iq = 5 mA to 150 mA 


Output voltage long- 
After 1000 hat Tj = 100°C 
20 
mV 


Dropout voltage 
l0 - 
150 mA 
0.32 
0.6 


Output noise voltage 
f 
= 10 Hz to 100 kHz 
,<V 


Output voltage with 


input polarity reversed 
RL = 100 Cl 
V| = -12 V, DC 
> -0.3 
V 


Output voltage with 
input transient 


Vi = 60 V, 
t = 100 ms 
<5.5 
V 
V| - 50 V. 
t = 1 s 
<5.5 


Bias current with input 


transient 
RL = 100n 
V| = 40 V, t = 1 s 
mA 
V| = -6 V, t = 1 s 
-80 


Overvoltage shutdown 


voltage 


26 
45 


200 


V 


mil 


Bias current 


l0 = 10 mA 
3.5 
7 


mA 
l0 
- 50 mA 
l0 = 150 mA 
18 
40 


Bias current change 
V| = 6 V to 26 V 
10 
% 


Peak output current 
150 
420 
mA 


'Unloss otherwise specified, all characteristics except ripple rejection and noise voltage measurements 
aro measured using pulse techniques 
(tw s 10 ms, duty cycle s 5%) with acapacitor of 0.1 „F across tho input and acapacitor of 10 &across the output. Output voltago changes due to 
changes ininternal temperature mustbotakenintoaccount separately. 
!Since long-term drift cannot be measured on tho individual devices prior to shipment, this specification is not intended to be aguarantee or warranty. It 
is an engineering estimate of the averagedriftto be expectedfromlot to lot. 


If) 


CO 
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TYPE LM330 
3-TERMINAL POSITIVE REGULATOR 


OUTPUT VOLTAGE 


vs 
VIRTUAL JUNCTION TEMPERATURE 


typical characteristics 


OUTPUT VOLTAGE 


vs 


INPUT VOLTAGE 


1 
' 
13 
/ ' 
\ 
J« 
\ 
i- 


> 
> 


4.000 
-80-40-20 0 
20 
40 
60 
80 
100 120 140 
Tj-Virtual Junction Tampaiatuia-'C 


FIGURE 3 


PEAK OUTPUT CURRENT 


vs 


INPUT VOLTAGE 


FIGURE 6 


DROPOUT VOLTAGE 


vs 
VIRTUAL JUNCTION TEMPERATURE 


T 0.4 
i 
'o- 
>OmA 


lO - 50 mA 


l0- 10 mA 
1 
25 
50 
75 
100 
125 
ISO 
Tj-Vntual Junction Tamptraluia-'C 


FIGURE 9 


» 
-10on 


'-. 
1 1 


o 
1 


*» 
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FIGURE 4 


RIPPLE REJECTION 


vs 
FREQUENCY 


1 
1 
IO-50mA 
^ 
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/ 
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100 
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FIGURE 7 


DROPOUT VOLTAGE 


vs 


OUTPUT CURRENT 


I 
I 0.3 


a 02 


I •a c 
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lO-Output Curiam-mA 


FIGURE 10 
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In 
I 


OUTPUT VOLTAGE 


vs 


INPUT VOLTAGE 
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FIGURE 5 


RIPPLE REJECTION 


vs 
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FIGURE 8 


OUTPUT IMPEDANCE 
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TYPE LM330 
3-TERMINAL POSITIVE REGULATOR 


TYPICAL CHARACTERISTICS 


INPUT CURRENT 


vs 
INPUT VOLTAGE 
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FIGURE 12 
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FIGURE 13 


INPUT CURRENT 


vs 


REVERSE INPUT VOLTAGE 


OUTPUT VOLTAGE 


vs 
REVERSE INPUT VOLTAGE 
LOAD TRANSIENT RESPONSE 
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FIGURE 14 


BIAS CURRENT 


vs 
OUTPUT CURRENT 
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FIGURE 17 
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FIGURE 15 


BIAS CURRENT 


vs 
VIRTUAL JUNCTION TEMPERATURE 
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FIGURE 18 
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FIGURE 16 


BIAS CURRENT 


vs 
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FIGURE 19 
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TYPE LM330 
3-TERMINAL POSITIVE REGULATOR 


TYPICAL APPLICATION DATA 


LM330 


C1 =0.1/jF 


(See Note A) 
C2=10/iF 
(See Note B) 


NOTES: A. Uso of Cl isrequired if thorogulator Isnot located Inclose proximity to thosupply liltor. 
B. Capacitor C2 must be located as close as possible to the regulatorand may bo an aluminum oi 
minimumcapocltance that willprovidestabilityis 10pF.Thecapacitormust be rated for ope 
stability to that extreme. 


FIGURE 20 


jm type capacito 
ot -40° C to guar 
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LINEAR 
INTEGRATED 
CIRCUITS 


3-Terminal Regulators 


Output Current up to 1.5 A 


No External Components 


Internal Thermal Overload 


• 
High Power Dissipation Capability 


• 
Internal Short-Circuit Current Limiting 


• 
Output Transistor Safe-Area Compensation 


• 
Output Load Regulation . . . 0.3% Typ 


• 
Direct Replacements for National LM340 
Series 


description 


This series of fixed-voltage monolithic integrated- 
circuit voltage regulators is designed for a wide range 
of applications. These applications include on-card 
regulation for elimination of noise and distribution 
problems associated with single-point regulation. Any 
of these regulators can deliver up to 1.5 amperes of 
output current. The internal current limiting and 
thermal shutdown features of these regulators make 
them essentially immune to overload. In addition to 
use as fixed-voltage regulators, these devices can be 
used with external components to obtain adjustable 
output voltages and currents and also as the power- 
pass element in precision regulators. 


schematic 


Ftosistor values shown aro nc 
»nd in ohms. 


SERIES LM340 
POSITIVE-VOLTAGE REGULATORS 


D2332. SEPTEMBER 1977-REVISED MARCH 1983 


NOMINAL 


OUTPUT 


VOLTAGE 


REGULATOR 


5 V 


12 V 


15 V 


LM340-5 


LM340-12 


LM340-15 


KCPACKAGE 


(TOP VIEW 


THE COMMON TERMINAL IS IN 
ELECTRICAL CONTACT WITH 
THE MOUNTING BASE 


TO-220AB 


If) 
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SERIES LM340 
POSITIVE-VOLTAGE REGULATORS 


absolute maximum ratings overoperating temperature range (unless otherwise noted) 


Input voltage 
3c v 
Continuous totaldissipation at 25°Cfree-air temperature (see Note 1) 
2 W 
Continuous total dissipation at (or below) 25°Ccase temperature (see Note 1) 
15 W 
Operating free-air, case, orvirtual junction temperature range 
-55°C to 150°C 
Storage temperature range 
-65°Cto 150°C 
Lead temperature 1,6 mm (1/16 inch) from casefor 10seconds 
260°C 


NOTE 1:For operation above 25"C froe-air or case tomporaturo. refer to Figures 1and 2.To avoid exceeding the design maximum virtual junction temperature, 
these ratings should notboexceeded. Duo tovariations inindividual device electrical characteristics and thermal resistance, thebuilt-in thermal overioad 
protection may be activatedat powerlevelsslightly aboveor belowthe rated dissipation. 


FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE 
2000 


1800 


1600 


1400 


5 
1200 


o 
1000 


'I 
800 


o 
g 
600 


E 
400 


x 


2 
200 


\ 
\ \ 
\ 
\ 


-Deratin 


R0JA* 


j factor = 
62.5°C/V 
16 mW/°r. 
\ 


V 


25 
50 
75 
100 
125 
150 


T^-Free-Air Temperature—°C 


FIGURE 1 


recommended operating conditions 


CASE TEMPERATURE 


DISSIPATION DERATING CURVE 


\ 
\ 


\ 


Derating factor = 3.25 W/°C 
\ 


a bo 
fyjc* 


i/e 90 C 
4°C/W 
\ 


2 


25 
50 
75 
100 
125 
150 
Trj-Case Temperature—°C 


MIN 
MAX 
UNIT 


Input voltage, V| 


LM340-5 
7 
25 


V 
LM340-12 
14.5 
30 


LM340-15 
17.5 
30 
Output current, Iq 
1.5 
A 
Operating virtual junction temperature. Tj 
0 
125 
°C 


6-34 
Texas 
Instruments 


POST OFFICE BOX 225012 • 
DALLAS TEXAS 75265 


SERIES LM340 
POSITIVE-VOLTAGE REGULATORS 


LM340-5 electrical characteristics at specified virtual junction temperature, V| - 10 V, lo - 1 A 
(unless otherwise noted) 


PARAMETER 
TEST CONDITIONS' 
MIN 
TYP 
MAX 
UNIT 


Output voltage 
Iq = 5 mA to 1 A 
25°C 
4.8 
5 
5.2 


V 
V| = 7 V to 20 V. 


P 
s 
15 W 
Iq = 5 mA to 1 A, 
0°C to 125°C 
4.75 
5.25 


Input regulation 


Iq = 500 mA 
V| = 7 V to 25 V 
25 °C 


mV 
V| = 8 V to 20 V 
0°C to 125°C 
50 


lO = 1 A 
V| = 7.3 V to 20 V 
25°C 
50 


V| = 8 V to 12 V 
0°C to 125°C 
25 


Ripple rejection 
V| = 8 V to 18 V, 


f 
= 
120 Hz 
l0 S 1 A 
25°C 
62 
80 
dB 
Iq £ 500 mA 
0°C to 125°C 
62 


Output regulation 
Iq = 250 mA to 750 mA 
25°C 
25 


mV 
Iq = 5 mA to 1.5 A 
10 
50 


Iq = 5 mA to 1 A 
0°C to 125°C 
50 


Output noise voltage 
f = 10 Hz to 100 kHz 
25°C 
40 
,,V 


Dropout voltage 
lO = 1 A 
25°C 


Temperature coefficient 


of output voltage 
Iq = 5 mA 
0°Cto 125°C 
-0.6 
mV/°C 


Output impedance 
f 
= 
1 kHz 
25°C 
8 
rnfl 


Bias current 
lO"* 1 A 
25 °C 
8 
mA 
0°C to 125°C 
8.5 


Bias current change 
V| = 7.5 V to 20 V, 
lO S 1 A 
25°C 
1 


mA 
V| = 7 V to 25 V, 
Iq s 
500 mA 
0°C to 125°C 
1 


Iq = 5 mA to 1 A 
0.5 


Peak output current 
25°C 
2.4 
A 


Short-circuit current 
25°C 
2.1 


I All characteristics are measuredwitha capacitoracrossthe inputof 0.22 >iF and a capacitor across the outputof 0.1 /iF. All characteristics except noise 
voltage rejection ratio aremeasured using pulse techniques ltw s 10ms.duty cycle s 6"ft). Output voltage changes duetochanges ininternal temperature 


must be taken into account separatoly. 
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SERIES LM340 
POSITIVE-VOLTAGE REGULATORS 


LM340-12 electrical characteristics at specified virtual junction temperature, V| 
(unless otherwise noted) 
19 V, Iq 
= 1 A 


PARAMETER 
TEST CONDITIONS' 
MIN 
TYP 
MAX 
UNIT 


Output voltage 
Iq = 5 mA to 1 A 
25°C 
11.5 
12 
12.5 


V 
V| = 14.5 V to 27 V, 
l0 
= 5 mA to 1 A. 


P 
< 
15 W 
0°C to 125°C 
11.4 
12.6 


Input regulation 
Iq = 500 mA 
V| = 14.5 V to 30 V 
25 °C 
4 
120 


mV 
V| 
= 15 V to 27 V 
0°C to 125°C 
120 


l0 = 1 A 
V| 
= 14.6 V to 27 V 
25 °C 
120 


V| 
= 16 V to 22 V 
0°C to 125°C 
120 


Ripple rejection 
V, - 
15 Vto 25 V. 


f 
= 
120 Hz 
l0 s 1 A 
25 °C 
55 
72 


dB 
Iq s 500 mA 
0°C to 125°C 
55 


Output regulation 
lO = 250 mA to 750 mA 
25°C 
60 


mV 
Iq 
~ 5 mA to 1.5 A 
12 
120 
lO = 5 mA to 1 A 
0°C to 125°C 
120 
Output noise voltage 
f 
= 
10 Hz to 100 kHz 
25 °C 
75 
pV 
Dropout voltago 
l0 - 
1 A 
25°C 
2 
V 


Temperature coefficient 
of output voltage 
lO = 5 mA 
0°C to 125°C 
-1.5 
mV/°C 


Output impedance 
f 
= 
1 kHz 
25°C 
18 
mi) 


Bias current 
lO a 1 A 
25°C 
8 
mA 
0°C to 125°C 
8.5 


Bias current change 
V| = 14.8 V to 27 V, 
l0<1A 
25 °C 
1 


mA 
V| = 14.5 V to 30 V. 
I0 s 500 mA 
0°C to 125°C 
1 
Iq = 5 mA to 1 A 
0.5 
Peak output current 
25"C 
2.4 
A 


Short-circuit current 
25°C 
1.5 
A 


t All characteristics aro measured with a capacitor across the input of 0.22 |iF ond a capacitor across the output of 0.1 jiF. All characteristics except noise 
voltage and ripple rojection ratio aro moasurod using pulso techniques ltw s 10 ms. duty cycle s 5°.'o). Output voltage changes due to changes in internal 
temperature must be taken Into account separately 
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SERIES LM340 
POSITIVE-VOLTAGE REGULATORS 


LM340-15 electrical characteristics at specified virtual junction temperature, V| 
(unless otherwise noted) 


= 23 V, Iq 
= 1 A 


PARAMETER 
TEST CONDITIONS1 
MIN 
TYP 
MAX 
UNIT 


Output voltage 
Iq = 5 mA to 1 A 
25°C 
14.4 
15 
15.6 


V 
V| = 17.5 V to 30 V. 
lo • 5 mA to 1 A. 
PS15W 
0°C to 125°C 
14.25 
15.75 


Input regulation 
Iq = 500 mA 
V| - 
17.5 V to 30 V 
25°C 
4 
150 


mV 
V| = 18.5 V to 30 V 
0°C to 125°C 
150 


"0 = 1 A 
V| = 17.7 V to 30 V 
25°C 
150 


Vj = 20 V to 26 V 
0°C to 125°C 
75 


Ripple rejection 
V| =18.5 V to 28.5 V. 


f 
= 
120 Hz 
l0 s 
1 A 
25°C 
dB 
Iq S 500 mA 
0°C to 125°C 
54 


Output regulation 
Iq = 250 mA to 750 mA 
25°C 
75 


mV 
Iq = 5 mA to 1.5 A 
12 
150 


Iq = 5 mA to 1 A 
0°C to 125°C 
150 


Output noise voltage 
f 
= 
10 Hz to 100 kHz 
25°C 
90 
pV 


Dropout voltage 
l0 
= 1 A 
25°C 
2 
V 


Temperature coefficient 


of output voltage 
Iq = 5 mA 
0°C to 125°C 
-1.8 
mV/°C 


Output impedance 
f 
= 
1 kHz 
25 °C 
19 
mtl 


Bias current 
l0 S 1 A 
25°C 
8 
mA 
0"C to 125°C 
8.5 


Bias current change 
V| = 17.9 V to 30 V. 
lo s 
1 A 
25 °C 


mA 
V| = 17.5 V to 30 V, 
lo s 500 mA 
0°C to 125°C 
1 


Iq = 5 mA to 1 A 
0.5 


Peak output current 
25°C 
2.4 
A 


Short-circuit current 
25°C 
1.2 
A 


t All characteristics are measuredwitha capacitoracrossthe inputof 0.22 ».F and a capacitor acrossthe output of 0.1 ,iF.All characteristics except noise 
voltage and ripple rejection ratio aremeasured using pulse techniques ltwS 10ms. duty cycle s 5Tol. Output voltage changes duetochanges ininternal 


temperaturo must be taken into account separately. 
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SERIES LM340 
POSITIVE-VOLTAGE REGULATORS 


TYPICAL CHARACTERISTICS 


NORMALIZED OUTPUT VOLTAGE 


vs 
VIRTUAL JUNCTION TEMPERATURE 
101 


V| 
I 
I 
-V0=5V 
io = 5 
rnA 


\ 


100 


99 


93 


97 
-75 -50 -25 
0 
25 
50 
75 
100 125 150 
Tj —Virtual Junction Temperature —°C 


FIGURE 3 


DROPOUT VOLTAGE 


vs 
VIRTUAL JUNCTION TEMPERATURE 
2.6 


flO-1 A 


1O = 500 mA 


o = o 


Lw0 = 100 mV 


••1.5 


& 
1 
2 
Q 


0.5 


-75-50 -25 
0 
25 
50 
75 
100 125 
150 
Tj —Virtual Junction Temperature —°C 


^4 
> 


RIPPLE REJECTION 


vs 


FREQUENCY 


100 
Ik 
10 k 
f —Frequency —Hz 


FIGURE 4 


LM340-5 


DROPOUT VOLTAGE 


INPUT VOLTAGE 


100 k 


i 3 = <i 


7/^ 
d V N 
) = 500 rr A 
a K io = 1 A 
y1 


2 
4 
6 
V| = Input Voltage - V 


FIGURE 6 


10 
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SERIES LM340 
POSITIVE-VOLTAGE REGULATORS 


TYPICAL CHARACTERISTICS 
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5.0 


< 
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4.5 
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LM340-5 
BIAS CURRENT 
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V 
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FIGURE 7 


LM340-5 
OUTPUT IMPEDANCE 


vs 
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SERIES LM340 
POSITIVE-VOLTAGE REGULATORS 


TYPICAL APPLICATION DATA 


f 


ov0 
Vo=»(i^)vre, 


Vref«» 2.75 V 
1 


FIGURE 11-ADJUSTABLE SUPPLY WITH STABLE 
OUTPUT FROM 8 VOLTS TO 35 VOLTS 


Rcl 


OV0 


The boost circuit takes over at 
a level determined by Rg. 


0.6 V 
RB*- 
•b 


where lg is the LM340 operating 


level. 


Maximum current limit IfjL is 
determined by RfjL- 


0.6 V 
RCLK- 
'CL 


Example: If Iq is selected to be 


0.5 A. then 
RB" 1.2 n. 


If Iql is 3 A, then 


RCL " 0-2 «- 


FIGURE 12-OUTPUT CURRENT BOOST CIRCUIT 
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LINEAR 
INTEGRATED 
CIRCUITS 


Adjustable Output ... 1.2 V to 33 V 


3-A Output Current Capability 


Line Regulation . . . 0.005%/V Typ 


Load Regulation ... 0.1% Typ 


Current Limit Constant with Temperature 


Guaranteed Thermal Regulation 


Direct Replacement for National 
Semiconductor LM350 


description 


The LM350 is an 
adjustable 3-terminal positive- 
voltage regulator capable of supplying 3 amperes over 
an output voltage range of 1.2 volts to 33 volts. The 
device is easy to use and requires only two external 
resistors to set the output voltage. Both input and 
output regulation are better than standard fixed 
regulators. 


In addition to higher performance than fixed regulators, the LM350 offers full overload protection available only in 
integrated circuits. Included on the chip current limit, thermal overload protection, and safe-area protection. All 
overload protection circuitry remains fully functional even if the adjustment terminal is disconnected. Normally, no 
capacitors are needed unless the device is situated far from the input filter capacitors in which case an input bypass 
is needed. An optional output capacitor can be added to improve transient response. The adjustment terminal can 
be bypassed to achieve very high ripple rejection, which is difficult to achieve with standard 3-terminal regulators. 


Besides replacing fixed regulators, the LM350 is useful in a wide variety of other applications. Even though the regulator 
is floating and sees only the input-to-output differential voltage, use of these devices to regulate voltages that would 
cause the maximum-rated differential voltage to be exceeded if the output became shorted to ground is not 
recommended. The TL783 or TL783A is recommended for output voltages exceeding 33 volts. The primary application 
of the LM350 is that of a programmable output regulator, but by connecting a fixed resistor between the adjustment 
terminal and the output terminal, this device can be used as a precision current regulator. Supplies with electronic 
shutdown can be achieve by clamping the adjustment terminal to ground, which programs the output to 1.2 volts 


where most loads draw little current. 


The LM350 is characterized for operation from 0°C to 125°C. 


TYPE LM350 
3-AMP ADJUSTABLE REGULATOR 


02716, MARCH 1983-REVISED NOVEMBER 1983 


KC PACKAGE 


(TOP VIEW) 


INPUT 
OUTPUT 
ADJUSTMENT 


THE OUTPUT TERMINAL IS IN 
ELECTRICAL CONTACT WITH 
THE MOUNTING BASE 


TO-220AB 


Copyright 0 
1983 by Texas Instruments Incorporated 
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TYPE LM350 
3-AMP ADJUSTABLE REGULATOR 


absolute maximum ratings over operating temperature range (unless otherwise noted) 


Input-to-output differential voltage 
35 V 
Continuous total power dissipation at 25 °C free-air temperature (see Note 1) 
2 W 
Continuous total power dissipation at (or below) 25 °C case temperature (see Note 1) 
30 W 
Operating free-air, case, or virtual junction temperature range 
-55°C to 150°C 
Storage temperature range 
- 65 °C to 150 °C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds 
260°C 


NOTE 1:For oporation above 25°Cfree-air orcasotemperature, refer toFigures 1and2. To avoid exceeding thedesign maximum virtual junction temperature, 
these ratings should not be oxceeded. Due to variationsin individualdevice electrical characteristics and thermal resistance, the built-inthermal overload 
protection may be activated at power levels slightly abovo or below tho rated dissipation. 


recommended operating conditions 


MIN 
MAX 
UNIT 
Output current, Iq 
3 
A 
Operating virtual junction temperature. Tj 
0 
125 
°C 


electrical characteristics over recommended ranges of operating virtual junction temperature, 
V| - Vo = 5 V, Iq = 1.5 A (unless otherwise noted) 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 
Input regulation 


(see Note 2) 
V| - 
V0 = 3 V to 35 V 


See Note 3 
Tj - 25°C 
0.005 
0.03 
%/V 
Tj = 0°C to 125°C 
0.02 
0.07 


Ripple rejection 
Vo 
-10 V, 
f 
= 
120 Hz 
65 


dB 
< 
V0 - 
10 V. 


10-/iF capacitor between ADJ an 


f = 120 Hz. 


J ground 
66 


0) 
CO 
CO 
Output regulation 


Iq = 10 mA to 3 A, 
Tj = 25 °C. See Note 3 
V0 s 5 V 
5 
25 
mV 


V0 
> 5 V 
0.1 
0.5 


73 
CO 
CQ 
c 


Iq • 
10 mA to 3 A, 


See Note 3 


V0 
s 
5 V 
20 
70 
mV 
V0 > 5 V 
0.3 
1.5 
% 
Output voltage change 


with temperature 
Tj = 0°C to 125°C 
1 
% 


0) 
r* 
o 
••1 
CO 


Thermal regulation 
tw = 20 ms 
0.002 
0.03 
%/W 
Output voltage long-term 


drift (see Note 4) 
After 1000 h at Tj = 125°C 
0.3 
1 
% 


Output noise voltage 
f = 
10 Hz to 10 kHz. 
Tj = 25°C 
0.003 
% 
LB 


Minimum output current 


to maintain regulation 
V| - 
V0 = 35 V 
3.5 
10 
mA 


Peak output current 
V| - 
Vo < 10 V 
3 
4.5 
A 
V| - V0 = 30 V. 
Tj = 25 °C 
0.25 
1 
Adjustment-terminal current 
50 
100 
uA 
Change in adjustment- 


terminal current 
V| - 
V0 = 3 V to 35 V. 
I0 = 10 mA to 3 A 
0.2 
5 
pA 


Reference voltage 


(output to ADJ) 


V| - 
V0 = 3 V to 35 V. 


Iq 
10 mA to 3 A, 
Ps30W 
1.2 
1.25 
1.3 
V 
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2. 
Input regulation is expressed as the percentage change in output voltage per 1-volt change at the input. 
3. Inputregulationand output regulationare measured usingpulse techniques (tw s 10 (is,duty cycle s 5%) to limitchanges in averago internal 
dissipation. Output voltage changes due to large changes in internal dissipation must be taken into account separately. 
4. 
Since long-term drift cannot be measured on tho individualdevices prior to shipment, this specification is not intended to be a guarantee or warranty. 
It Is an engineering estimate of the average drift to be expected from lot to lot. 
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TYPE LM350 
3-AMP ADJUSTABLE REGULATOR 


THERMAL INFORMATION 
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FIGURE 1 
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FIGURE 2 


150 


TYPICAL CHARACTERISTICS 


OUTPUT VOLTAGE DEVIATION 


vs 
VIRTUAL JUNCTION TEMPERATURE 


OUTPUT CURRENT 


vs 
INPUT-OUTPUT DIFFERENTIAL VOLTAGE 
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n 
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FIGURE 4 
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TYPE LM350 
3-AMP ADJUSTABLE REGULATOR 


TYPICAL CHARACTERISTICS 


ADJUSTMENT CURRENT 


vs 


VIRTUAL JUNCTION TEMPERATURE 
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FIGURES 
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FIGURE 6 


REFERENCE VOLTAGE 


vs 
VIRTUAL JUNCTION TEMPERATURE 


TYPICAL APPLICATION DATA 


V0 = 1.25 V (1 + R2/R1I 


NOTES: 
A. 
Capacitor Cl is required if regulator is not located in close proximity to tho power supply amplifier. 


B. 
Capacitor C2 may be used to improve transiont response. 
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LINEAR 
INTEGRATED 
CIRCUITS 


Input-Output Differential Less than 0.6 V 


Output Current of 150 mA 


Reverse Battery Protection 


Line Transient Protection 


• 
40-Volt Load-Dump Protection 


• 
Internal Short-Circuit Current Limiting 


• 
Internal Thermal Overload Protection 


• 
Mirror-Image Insertion Protection 


• 
Direct Replacement for National LM2930 
Series 


description 


The LM2930-5 and LM2930-8 are 3-terminal positive regulators that provide fixed 5-volt and 8-volt regulated outputs. 
Each features the ability to source 150 miliiamperes of output current with an input-output differential of 0.6 volt 
or less. Familiar regulator features such as current limit and thermal overload protection are also provided. 


The LM2930 series has low voltage dropout making it useful for certain battery applications. For example, the low 
voltage dropout feature allows a longer battery discharge before the output falls out of regulation; the battery supplying 
the regulator input voltage may discharge to 5.6 volts and still properly regulate the system and load voltage. Supporting 
this feature, the LM2930 series protects both itself and the regulated system from reverse battery installation or two- 
battery jumps. 


Other protection features include line transient protection for load-dump of up to 40 volts. In this case the regulator 
shuts down to avoid damaging internal and external circuits. The LM2930 series regulator cannot be harmed by 
temporary mirror-image insertion. 


schematic diagram 


All component values are nominal. 


TYPES LM2930-5, LM2930-8 
3-TERMINAL POSITIVE REGULATORS 


KCPACKAGE 
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THE MOUNTING BASE 
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TYPES LM2930-5, LM2930-8 
3-TERMINAL POSITIVE REGULATORS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Continuous input voltage 
26 V 
Transient input voltage: 
t = 
1 s 
40 V 
Continuous reverse input voltage 
-6V 
Transient reverse input voltage: t = 100 ms 
-12 V 
Continuous total dissipation at 25 ° C free-air temperature (see Note 1) 
2 W 
Continuous total dissipation at (or below) 25 °C case-temperature (see Note 1) 
20 W 
Operating free-air, case, or virtual junction temperature 
-40°C to 150 °C 
Storage temperature range 
- 65 °C to 150 °C 
Lead temperature 1,6 mm (1/16 inch) from case to 10 seconds 
260°C 


NOTE 1: For operation above 25°C free-air or case temperature, refer to Figures 1 and 2. To avoid exceeding the design maximum virtual junction temperature, 
these ratings should not be exceeded. Due to variation in individual device elecrical characteristics and thermal resistance, the bult-in thermal overload 
protection may be activated at power levels slightly above or below the rated dissipation. 


FREE-AIR TEMPERATURE 
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FIGURE 1 


recommended operating conditions 
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CASE TEMPERATURE 
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FIGURE 2 


150 


MIN 
MAX 
UNIT 


Iq 
Output current 
150 
mA 
Tj 
Operating virtual junction temperature 
-40 
125 
°C 
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TYPES LM2930-5, LM2930-8 
3-TERMINAL POSITIVE REGULATORS 


LM2930-5 electrical characteristics at 25 °C virtual junction temperature, V| 
(unless otherwise noted) 
14 V, Iq 
= 150 mA, 


PARAMETER 
TEST CONDITIONS' 
MIN 
TYP 
MAX 
UNIT 


Output voltage 
V| = 6 V to 26 V, 
lo = 5 mA to 150 mA, 
Tj = -40°C to 125°C 
4.5 
5 
5.5 
V 


Input regulation 
lO = 5 mA 
V| = 9 V to 16 V 
7 
25 
mV 
V| = 6 V to 26 V 
30 
80 


Ripple rejection 
f 
= 
120 Hz 
56 
dB 


Output regulation 
Iq = 5 mA to 150 mA 
14 
50 
mV 


Output voltage long-term drift* 
After 1000 h at Tj = 125°C 
20 
mV 


Dropout voltage 
lO = 150 mA 
0.32 
0.6 
V 


Output noise voltage 
f 
= 
10 Hz to 100 kHz 
60 
„v 


Output voltage during 


line transients 
V| = - 12 V to 40 V. 
Ru = 100 0 
-0.3 
5.5 
V 


Output impedance 
l0 = 100 mA, lQ = 10 mA (rmsl. 1 = 100 Hz to 10 kHz 
200 
mil 


Bias current 
lO = 10 mA 
4 
7 
mA 
Iq • 
150 mA 
18 
40 


Peak output current 
150 
300 
700 
mA 


LM2930-8 electrical characteristics at 25 °C virtual junction temperature, V| 
(unless otherwise noted) 
14 V, Iq = 150 mA, 


PARAMETER 
TEST CONDITIONS' 
MIN 
TYP 
MAX 
UNIT 


Output voltage 
V| = 9.4 V to 26 V. 
lo • 
5 mA to 150 mA, 
Tj = -40°C to 125"C 
7.2 
8 
8.8 
V 


Input regulation 
lO = 5 mA 
V| = 9.4 Vto 16 V 
12 
50 
V 
V| = 9.4 V to 26 V 
50 
100 


Ripple rejection 
f 
= 
120 Hz 
52 
dB 


Output regulation 
lO - 
5 mA to 150 mA 
25 
50 
mV 


Output voltage long-term drift" 
After 1000 h at Tj - 125°C 
30 
mV 


Dropout voltage 
lO - 
150 mA 
0.32 
0.6 
V 


Output noise voltage 
f 
10 Hz to 100 kHz 
90 
„V 


Output voltage during 


line transients 
V| = -12 v to 40 v, 
Rl = 100 a 
-0.3 
8.8 
V 


Output impedance 
l0 = 100 mA, l0 - 
10 mA (rmsl, f = 100 Hz to 10 kHz 
300 
mil 


Bias current 
Iq = 10 mA 
4 
7 
mA 
l0 = 150 mA 
18 
40 


Peak output current 
150 
300 
700 
mA 


' Unlessothorwise specified, allcharacteristics, except ripplerejectionand noisevoltage measurements, aro measured using pulsetechniques (tw < 10 ms. 
duty cycle s 5%) with a capacitor of 0.1 fiFacross the input and a capacitor of 10 ,,F across the output. Output voltago changes due to changes in internal 
temperature must be taken into account separately. 
s Since long-term drift cannot be measured on tho individualdovice3 prior to shipment, this specification is not intended to bo a guarantee or warranty. It 


is an engineering estimate of the average drift to be expected from lot to lot. 


CO 


_co 


3 
O) 
CD 
CC 


o 
> 


Texas 
Instruments 


POST OFFICE BOX 225012 • 
DALLAS. TEXAS 75265 


6-47 


< 


#•+ 
CD 
CQ 
CD 


73 
CD 
CQ 
C_ 


03 


If) 


TYPES LM2930-5, LM2930-8 
3-TERMINAL POSITIVE REGULATORS 


NORMALIZED OUTPUT VOLTAGE 


TYPICAL CHARACTERISTICS 


LM2930-5 


OUTPUT VOLTAGE 


vs 


INPUT VOLTAGE 
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vs 
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TYPES LM2930-5, LM2930-8 
3-TERMINAL POSITIVE REGULATORS 


TYPICAL CHARACTERISTICS 


INPUT CURRENT 


INPUT VOLTAGE 
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TYPES LM2930-5, LM2930-8 
3-TERMINAL POSITIVE REGULATORS 


TYPICAL APPLICATION DATA 


V| 


C1 =0.1/jF 


(See Note A) 


INPUT 


LM2930 


OUTPUT 


COMMON 


vo 


C2= 10liF 
(See Note B) 


NOTES: A. Use of Cl is required if the regulator is not located in close proximity to the supply filter. 
B. 
Capacitor C2 must be located as close as possible to the regulator and may be an aluminum or tantalum type capacitor. The i 
roqulred for stability is 10 uF. The capacitor must be rated for operation at -40°C to guarantee stability to that extreme. 
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LINEAR 
INTEGRATED 
CIRCUITS 


TYPE LM2931-5 
3-TERMINAL POSITIVE VOLTAGE REGULATOR 


Input-Output Differential Less than 0.6 V 


Output Current of 150 mA 


Reverse Battery Protection 


Very Low Quiescent Current 


60-Volt Load-Dump Protection 


Internal Short-Circuit Current Limiting 


Internal Thermal Overload Protection 


Mirror-Image Insertion Protection 


Reverse Transient Protection to - 50 V 


Direct Replacement for National LM2931-5 


description 


The LM2931-5 is a 3-terminal positive voltage 
regulator that provides a 5-volt regulated output. 
It features the ability to source 150 miliiamperes 
of 
output 
current 
with 
an 
input-output 
differential of 0.6 volt or less. Familiar regulator 
features 
such 
as 
current 
limit 
and 
thermal 
overload protection are also provided. 


The LM2931 -5 has low voltage dropout making 
it useful for certain battery applications. For 
example, the low-voltage-dropout feature allows 
a longer battery discharge before the output falls 
out of 
regulation; the battery supplying the 
regulator 
input 
voltage 
may 
discharge 
to 
5.6 volts and still properly regulate the system 
and load voltage. Supporting this feature, the 
LM2931-5 protects both itself and the regulated system from reverse battery installation or two-battery 
jumps. The very low quiescent current feature is especially useful in battery powered applications. 


Other protection features include line transient protection for load-dump of up to 60 volts. In this case 
the regulator shuts down to avoiddamaginginternaland external circuits.The LM2931-5 regulator isvirtually 
immune to temporary mirror-image insertion. 


The LM2931-5 is characterized for operation from -40°C to 150°C. 


D2828. FEBRUARY 1984 
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TYPE LM2931-5 
3-TERMINAL POSITIVE VOLTAGE REGULATOR 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Continuous input voltage 
26 V 
Transient input voltage: 
t= 1s 
60 V 
Continuous reverse input voltage 
-15V 
Transient reverse input voltage: 
t = 100 ms 
-50 V 
Continuous total dissipation at (or below) 25 °C free-air temperature (see Note 1) 
LP package 
775 mW 
KC package 
2 W 
Continuous total dissipation at (or below) 25 °C case temperature (see Note 1) 
LP package 
1.6 W 
KC package 
4 yy 
Operating free-air, case, or virtual junction temperature 
-40°C to 150°C 
Storage temperature range 
-65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 
260°C 


NOTE 1: 
For oporation abovo 25°Cfree-air temperaturo. rofer toFigures 1.2.3, and4.Toavoid exceeding thedesign maximum virtual junction temperature, 
these ratings should not be exceeded. Due to variationInIndividual device electricalcharacteristics and thermol resistance, the built-in thormal 
overload protection may be activated at power levels slightly above or below tho rated dissipation. 


recommended operating conditions 


MIN 
TYP 
MAX 
UNIT 
Outpu: current. Iq 
150 
mA 
Operating virtual junction temperature, Tj 
-40 
125 
°C 


<o. 
electrical characteristics at 25 °C virtual junction temperature, V| = 14 V 
unless otherwise noted) 
io = 10 mA, 


03 
CO 
CD 


73 
CD 


PARAMETER 
TEST CONDITIONS' 
MIN 
TYP 
MAX 
UNIT 


Output voltage 
V| = 6 V to 26 V. I0 £ 150 mA. 
Tj = -40°C to 125°C 
4.75 
5 
5.25 
V 


Input regulation 
lO • 
10 mA 
V| = 9 V to 16 V 
2 
10 
mV 
(Q 
V| = 6 V to 26 V 
4 
30 
C 
Ripple rejection 
f 
= 
120 Hz 
80 
dB 
03 
Output regulation 
lO = 5 mA to 150 mA 
14 
50 
mV 


o 
Output voltage long-term drift* 
After 100 h at Tj = 125°C 
20 
mV 


(A 
Dropout voltage 
lO = 10 mA 
0 05 
0.2 
V 
___ 
Iq 
^ 150 mA 
0.3 
0.6 
Output noise voltage 
00 kHz 
500 
pV rms 
.^i^r^l^H 
u 
Bias current 
V| = 6 V to 26 V. Iq = 10 mA, 
Tj = -40°C to 125°C 
0.4 
1 
mA 
V| = 14 V. I0 = 150 mA. Tj - 25°C 
15 


'Unless otherwise specifiod. all characteristics, except ripple rejection and noise voltago measurements, aremeasured using pulse techniques ltw s 10ms, 
duty cycle £ 5%) with a capacitor of 0.1 |iF across the input and a capacitor of 100 jiFacross the output. Output voltago changes due to changes in internal 
temperature must be taken into account separately. 
!Sincelong-term drift cannot be measuredon the individual devicesprior to shipment, this specification is not intendedto be a guaranteeor warranty. It 
is an engineering estimate of the average drift to be expected from lot to lot. 
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TYPE LM2931-5 
3-TERMINAL POSITIVE VOLTAGE REGULATOR 


THERMAL INFORMATION 


KC PACKAGE 
FREE-AIR TEMPERATURE 


DISSIPATION DERATING CURVE 
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FIGURE 1 
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FIGURE2 
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FIGURE 4 


NOTE 2: 
Thiscurveforthe LPpackageisbasedon thermal resistance.R(>ja- measured instillairwiththe devicemountedinan Augatsocket. Thebottom 
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Voltage Regulators 


LINEAR 
INTEGRATED 
CIRCUITS 


Separate Outputs for "Crowbar" and Logic 
Circuitry 


Programmable Time Delay to Eliminate 
Noise Triggering 


TTL-Level Activation Isolated from Voltage- 
Sensing Inputs 


2.6-Volt Internal Voltage Reference with 
Temperature Coefficient Typically 
0.08%/°C 


TYPE MC3423 
OVERVOLTAGE-SENSING CIRCUIT 


D2439, APRIL 1978-REVISED JANUARY 1983 


MC3423 
JG OR P 
DUAL-IN-LINE PACKAGE 
(TOP VIEWI 


VCC Q1 U8Q OUT 
SENSE 1 £ 2 
7] Vee 
SENSE 2 £ 3 
6 3 IND OUT 
CURR SOURCE £ 4 
6 ] REMOTE ACTIVATE 


description 
TheMC3423 overvoltage-sensing circuit isdesigned to protectsensitive electronic circuitry bymonitoring the supply 
rail andtriggering an external "crowbar" SCR inthe eventof a voltage transientor lossof regulation. Theprotective 
mechanism maybe activated by an overvoltage condition at the Sense 2 inputor by application of a TTL high level 
to the Remote Activate terminal. Separate outputs are available to trigger the crowbar circuit and to provide a logic 
pulseto indicatoror powersupplycontrolcircuitry. TheSense 2 inputprovidesa directcontrolof the output circuitry. 
TheSense 1 inputcontrolsan internal currentsourcethat maybe utilized to implement a delayedtriggerbyconnecting 
its output to an external capacitor and the Sense 2 input. This protects againstfalse triggering due to noiseat the 


Sense 1 input. 


The MC3423 is characterized for operation from 0°C to 70°C. 


functional block diagram 
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TYPE MC3423 
OVERVOLTAGE-SENSING CIRCUIT 


absolute maximum ratings 


Supply voltage, Vcc 'see Note 1) 
40 V 
Sense 1 voltage 
6.5 V 
Sense 2 voltage 
6.5 V 
Remote activate input voltage 
7 V 
Output current, lo 
300 mA 
Continuous dissipation at (or below) 25°C free-air temperature (see Note 2): JG package 
825 mW 


P package 
1000 mW 
Operating free-air temperature range 
0°C to 70°C 
Storage temperature range 
-65°C to 150°C 


NOTES: 
I, Voltage valuesaro maasurod withrespect to the Vf£ torminal. 
2. Foroperating abovo 25"C freo-air temperature, referto the Dissipation Derating Table. InthoJG package.MC3423 chipsare glass-mounted. 


DISSIPATION DERATING TABLE 


PACKAGE 
POWER 


RATING 


DERATING 


FACTOR 


ABOVE 


TA 
JG (Glass-Mounted Chip) 


P 


825 mW 


1000 mW 


6.6 mW/°C 


8 mW/°C 


25 °C 


25°C 


recommended operating conditions 


MIN 
MAX 
UNIT 
Supply voltage, Vcc 
4.5 
40 
V 
High-level input voltage, remote activate input 
2 
V 
Low-level input voltage, remote activate input 
0.5 
V 


— 
electrical characteristics over operating free-air temperature range, Vcc = 5 V to 36 V (unless otherwise noted) 


If) 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


Output voltage 
Remote Activate at 2 V, 


lO • 
100 mA 
VCC-2.2 
VCC-1.8 
V 


Indicator low-level output voltage 
Remote Activate at 2 V, 
l0 = 1-6 mA 
0.1 
0.4 
V 


Threshold voltage of either sense input 
TA = 25°C 
2.45 
2.6 
2.75 
V 
Temperature coefficient of input threshold voltage 
0.06 
%/°C 
Source current (pin 4) 
Sense 1 at 3 V. Pin 4 at 1.3 V 
0.1 
0.22 
0.3 
mA 
High-level input current. Remote Activate input 
VCC = 5 V. 
V| = 2 V 
5 
40 
pA 
Low-level input current. Remote Activate input 
Tec = 5 V. 
V| = 0.8 V 
-120 
-180 
pA 


Supply current 
Outputs open 
6 
10 
mA 
Propagation delay time. Remote Activate input to Output TA - 25°C 
0.5 
cs 
Output current rate of rise 
TA = 25°C 
400 
mA//is 
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LINEAR 
INTEGRATED CIRCUITS 


3-Terminal Regulators 


Output Current up to 100 mA 


No External Components Required 


Internal Thermal Overload Protection 


• 
Internal Short Circuit Current Limiting 


• 
Direct Replacement for Motorola 
MC79L00 Series 


• 
Available in 5% or 10% Selections 


description 


This 
series of fixed-voltage 
monolithic integrated- 
circuit voltage regulators is designed for a wide range 
of applications. These include on-card regulation for 
elimination 
of 
noise 
and 
distribution 
problems 
associated with single-point regulation. In addition, 
they can be used to control series pass elements to 
make high-current voltage-regulator circuits. One of 
these regulators can deliver up to 100 mA of output 
current. The 
internal current-limiting and thermal- 
shutdown features make them essentially immune to 
overload. When used as a replacement for a Zener- 
diode 
and 
resistor combination, these devices can 
providean effectiveimprovementinoutput impedance 
of two orders of magnitude and lower bias current. 


schematic 


SERIES MC79L00 
NEGATIVE-VOLTAGE REGULATORS 


D2656, OCTOBER 1982 


NOMINAL 


OUTPUT 


VOLTAGE 


5% 


OUTPUT VOLTAGE 


TOLERANCE 
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OUTPUT VOLTAGE 
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-5 V 
MC79L05AC 
MC79L05C 


-12V 
MC79L12AC 
MC79L12C 


-15V 
MC79L15AC 
MC79L15C 


LP 
SILECT 
PACKAGE 


(TOP VIEW) 


7 
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OUTPUT 
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V 
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SERIES MC79L00 
NEGATIVE-VOLTAGE REGULATORS 


absolute maximum ratings over operating temperature range (unless otherwise noted) 


MC79L05 
MC79L12 


MC79L15 
UNIT 


Input voltage 
-30 
-35 
V 
Continuous total dissipation at 25°C freo-air temperature (see Note 1) 
775 
775 
mW 
Continuous total dissipation at (or below) 25°C case temperature (see Note 1) 
1600 
1600 
mW 
Operating free-air. caso, or virtual junction temperature range 
Oto 150 
0 to 150 
°C 
Storage temperature range 
-65 to 150 
-65 to 150 
°C 
Lead temperature 1/16 Inch (1.6 mm) from case for 10 seconds 
260 
260 
°c 


NOTE 1: For operation above 25°C fro*air tomperature, rafor to Dissipation DeratingCurves.Figure 1 and Figure2. 


FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE 


CASE TEMPERATURE 
DISSIPATION DERATING CURVE 
1000 


5 
E 
I 


900 


son 


o 
15 
7nn 
a. 


a 
600 


o 
500 


< 
_c 
4nn 
u 
c 


!-• 
o 
nnn 
03 
F 
LU 
CD 


3 
E 


X 
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73 
CO 
Q 


2 
100 


0 


\ 
\ \ 
\ 
V 
\ 


LP pad age 
6.2 mW/ 
| Derating tactor= 
R0JA*16O°C/V 
L- 
\ 
V 
See No e2 
\ 


2000 


5 
F 
1800 


1 
1600 


o 


•1 
1400 


5 
1200 


3 
1000 


3 
C 


C 
<S 
E 
3 
E 


800 


600 
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X 


S 
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0 


\ 


LP package 
Derating factor = 28.6 mwTC 
\ y 


R0JC * 35°CA\ 
\ 
\ 
\ 


If) 


25 
50 
75 
100 
125 


Ta —Free-Air Temperature — C 


FIGURE 1 


150 
25 
50 
75 
100 
125 
150 


Tc —CaseTemperature —°C 


FIGURE 2 


NOTE 2: This curve for the LP package Is based on thormal resistance. RgJA. measured In still air with tho dovlce 
The bottom of the peckago was 3/8 Inch above tho socket. 
\ 
an Augat socket. 


recommended operating conditions 


MIN 
MAX 
UNIT 


Input voltage. V| 
MC79L05 
-7 
-20 


V 
MC79L12 
-14.5 
-27 


MC79L15 
-17.5 
-30 
Output current, lo 
100 
mA 
Operating virtual junction temperature, Tj 
0 
125 
C 
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SERIES MC79L00 
NEGATIVE-VOLTAGE REGULATORS 


MC79L05electrical characteristics at specifiedvirtual junction temperature, 
V| = _io V, Iq =40 mA (unless otherwise noted) 


PARAMETER 
TEST CONDI riONSt 
MIN 


MC79L05C 


TYP 
MAX 


MC79L05AC 


MIN 
TYP 
MAX 
UNIT 


Output voltage 


V! - -7 V to -20 V. 
Iq " 1 mA to 40 mA 
0°Cto 125°C 
-4.5 
-5.5 
-4.75 
-5.25 


V 
V| = -10 V. 
Iq • 1 mA to 70 mA 
0°Cto125°C 
-4.5 
-5.5 
-4.75 
-5.25 


Input regulation 
V| --7 Vto -20 V 
25° C 
200 
mV 
V| • -8 V to -20 V 
150 
100 


Ripple rejection 
V| • -8 V to-18 V, 


f = 120 Hz 
25° C 
40 
49 
41 
49 
dB 


Output regulation 
Iq • 1 mA to 100 mA 
25° C 
60 
60 
mV 
Iq = 1 mA to 40 mA 
30 
30 


f= 10 Hz to 100 kHz 
25°C 
40 
40 
"V 


lo = 40mA 
25° C 
1.7 
1.7 
V 


Bias current 
25° C 
6 
6 
mA 
125°C 
5.5 
5.5 


Bias current change 
V| - -8 Vto-20 V 
0*Cto125°C 
1.5 
mA 
l0 = 1 mA to 40 mA 
0.2 
0.1 


MC79L12 electrical characteristics at specified virtual junction temperature, 
V| = -19, Iq • 40 mA (unless otherwise noted) 


PARAMETER 
TEST CONDI HONS* 
MC79L12C 
MC79L12AC 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Output voltage 


V| = -14.5to-27 V. 
Iq = 1 mA to 40 mA 
0°Cto 1255C 
-10.8 
-13.2 
-11.4 
-12.6 


V 
V| = -19 V. 
Iq - 1 mA to 70 mA 
0°Cto 125°C 
-10.8 
-13.2 
-11.4 
-12.6 


Input regulation 
V| 
--= -14.5 to -27 V 
25° C 
250 
250 
mV 
V| = -16 Vto-27 V 
200 
200 


Ripple rejection 
V| = -15 Vto-25 V. 


f = 120 Hz 
25° C 
36 
42 
37 
42 
dB 


Output regulation 
l0= 1 mA to 100 mA 
25° C 
100 
100 -j 
Iq • 1 mA to 40 mA 
50 
50 


f = 10 Hz to 100 kHz 
25° C 
80 
80 
uV 
| 


Dropout voltage 
Iq • 40 mA 
25° C 
1.7 
1.7 
V 


Bias current 
25=C 
6.5 
6.5 
mA 
125°C 
6 
6 


Bias current change 
V, = -16 V to -27 V 
0°Cto 125°C 
1.5 
1.5 
mA 
Iq = 1 mA to 40 mA 
0.2 
0.1 


E 


TA,| characteristics aromeasured witha 0.33-uF capacitor across the Input ond a0.1UF capacitor across theoutput.All characteristics except 
noise voltage andripple rejection ratio aro measured using pulse technique. (tw < 10 ms. duty cycle < 5%). Output voltage changes duato 
changes In Internal temperature must bo takon Into occount separately. 
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SERIES MC79L00 
NEGATIVE-VOLTAGE REGULATORS 


MC79L15electrical characteristics at specifiedvirtual junction temperature, 
V| = -23 V, Iq = 40 mA (unless otherwise noted) 


PARAMETER 
TESTCONDITIONSt 
MC79L15C 
MC79L15AC 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Output voltage 


25:C 
-13.8 
-15 
-16.2 
-14.4 
-15 
-15.6 


V 


V| =-17.5 Vto -30 V. 
lo " 1 mA to 40 mA 
0°Cto125°C 
-13.5 
-16.5 
-14.25 
-15.75 


V| = -23 V. 


IfJ = 1 mA to 70 mA 
0°Cto125°C 
-13.5 
-16.5 
-14.25 
-15.75 


Input regulation 
V| 
•= -17.5 Vto -30 V 
25° C 
300 
300 
mV 
V| = -20 V to -30 V 
250 
250 


Ripple rejection 
V| =-18.5 Vto-28.5 V. 


f = 120 Hz 
25° C 
33 
39 
34 
39 
dB 


Output regulation 
Iq :: 1 mA to 100 mA 
25° C 
150 
150 
mV 
lo = 1 mA to 40 mA 
75 
75 
Output noise voltage 
f = 10 Hz to 100 kHz 
25°C 
90 
90 
yV 
Dropout voltage 
lO = 40mA 
25° C 
1.7 
1.7 
V 


Bias current 
25° C 
6.5 
6.5 
mA 
125'C 
6 
6 


Bias current change 
V| = -20 V to -30 V 
0°Cto125°C 
1.5 
1.5 
mA 
Iq • 1 mA to 40 mA 
0.2 
0.1 


'All characteristics are measured with a 0.33 uF capacitor across the Input and a 0.1-uF capacitor across the output. All characteristics except 
noise voltage and ripple rejection ratio are measured using pulse techniques (tw < 10 ms. duty cycle < 5%). Output voltage changes due to 
changes In internal temperatur 
list be takon Into 
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LINEAR 
INTEGRATED 
CIRCUITS 


TYPES MC35060, MC34Q60 
PULSE-WIDTH-MODULATION CONTROL CIRCUITS 


Complete PWM Power Control Circuitry 


Uncommitted Output for 200-mA Sink or 
Source Current 


Variable Dead-Time Provides Control Over 
Total Range 


Internal Regulator Provides a Stable 5-V 
Reference Supply 


Circuit Architecture Provides Easy 
Synchronization 


Direct Replacements for Motorola MC35060 
and MC34060 


D2714, MARCH 1983 


J OR N 


DUAL-IN-LINE PACKAGE 


(TOP VIEWI 


ERROR / NONINV INPUT^T 
AMP 1\ 
INVINPUTC2 
FEEDBACK^ 3 
DEAD-TIME CONTROL^ 4 
CtCb 
RtC6 
gndC ' 


Ul4[] NONINV INPUTl ERROR 
13 TlNV INPUT 
J AMP 2 
12 Href out 
11 JNC 
10 ] Vcc 
93c 
bHe 


NC-No internal connections 


description 
The MC35060 and MC34060 incorporate ona single monolithic chip all thefunctions required intheconstruction 
of apulse-width-modulation control circuit. Designed primarily for power supply control, each of the devices contains 
anon-chip 5-volt regulator, two error amplifiers, an adjustable oscillator, and a dead-time control comparator. The 
uncommitted output transistor provides either common-emitter oremitter-follower output capability. The internal 
amplifiers exhibit acommon-mode voltage range from -0.3 volt toVCC " 2volts. The dead-time control comparator 
hasa fixed offset that provides approximately 5% dead time unless externally altered. The on-chip oscillator may 
be bypassed by terminating Rt (pin 6) tothe reference output and providing a sawtooth input toCj Ipin 5). or it 
may be used to drive the common MC35060 or MC34060 circuitry and provide asawtooth input for associated control 
circuitry in multiple rail power supplies. 


The MC35060 ischaracterized for operation over thefull military temperature range of - 55°C to125°C. The MC34060 
is characterized for operation from 0°C to 70 °C. 


functional block diagram 


vcc 
(10) 


(6) 


(5) 


(4) 
DEAD-TIME CONTROL 


NONINVERTING INPUT 


INVERTING INPUT 
(2) 


(14) 
NONINVERTING INPUT - 


INVERTING INPUT 
(13) 


(3) 


REFERENCE 


REGULATOR 


OSCILLATOR 


ERROR 
Q |o.7 


AMPLIFIERS 
>-W-" 


All voltage and current values shown are nominal. 


DEAD TIME 


COMPARATOR 


(12) 
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TYPES MC35060, MC34060 
PULSE-WIDTH-MODULATION CONTROL CIRCUITS 


absolute maximumratings over operation temperature range (unless otherwise noted) 


MC35060 
MC34060 
UNIT 
Supply voltage, Vcc 'see Note 1) 
Amplifier input voltages 
42 
42 
V 


Collector output voltage 
42 
42 
V 
Collector output current 
250 
250 
mA 
Continuous total dissipation at (or below) 25 °C free-air temperature (see Note 2) 
Operating free-air temperature range 
1000 
-55 to 125 


1000 


0 to 70 


mW 


°C 
Storage temperature rango 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package 
-65 to 150 


300 
-65 to 150 


300 


°C 


°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N package 
260 
°C 


NOTES: 
1. All voltage values, except differential voltages, are with respect to the network ground terminal. 
2. For operation above 25°Cfree-air temperature, refer toDissipation Derating Table. IntheJ package. MC35060 chips aroalloy-mounted and 
MC34060 chips aro glass-mounted. 


DISSIPATION DERATING TABLE 


PACKAGE 
POWER 


RATING 


J lAlloy-Mountod Chip) 
1000 mW 


J (Glass-Mounted Chip) 
1000 mW 


N 
1000 mW 


DERATING 


FACTOR 


ABOVE 


TA 
11.0mW/°C 
59 °C 


8.2 mW/°C 
28 °C 


9.2 mW 
41 °C 


2. 
recommended operating conditions 


MC35060 
MC34060 
UNIT 
MIN 
MAX 
MIN 
MAX 
Supply voltage, Vcc 
7 
40 
7 
40 
V 
Amplifier input voltages, V| 
-0.3 VCC-2 
-0.3 VCC-2 
V 
Collector output voltage. Vq 
40 
40 
V 
Collector output current (each transistor) 
200 
200 
mA 
Reference output current 
10 
10 
mA 
Current into feedback terminal 
0.3 
0.3 
mA 
Timing capacitor, Cj 
0.47 
10 000 
0.47 
10 000 
nF 
Timing resistor, Rt 
1.8 
500 
1.8 
500 
kD 
Oscillator frequency 
1 
200 
1 
200 
kHz 
Operating free-air temperature, T^ 
-55 
125 
0 
70 
°C 
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TYPES MC35060, MC34060 
PULSE-WIDTH-MODULATION CONTROL CIRCUITS 


electrical characteristics over recommended operating free-air temperature range, VCC - 15 V, f - 10 kHz 
(unless otherwise noted) 


reference section 


PARAMETER 
TEST CONDITIONS1 
MC35060 
MC3406C 
UNIT 


V 
MIN 
TYP1 
MAX 
MIN 
TYP' 


4.75 
5 


MAX 


5.25 
Output voltage (VrBf) 
Input regulation 
VcC = 7 V to 40 V, 
TA = 25°C 
2 
25 
2 
25 
mV 


l|0 = 1 to 10 mA, 
Ta = 25 °C 
1 
15 
1 


Output voltage change 
ATA - 
MIN to MAX 
0.2 
2 
0.2 
2.6 
% 


Short-circuit output current4 
Vref " 0 
10 
35 
50 
35 
mA 


oscillator section 


PARAMETER 
TEST CONDITIONST 
MC35060 
MC34060 
UNIT 
MIN 
TYPS 
MAX 
MIN 
TYP: 
MAX 


Frequency 
Ct = 0.001 pF. 
Ry = 47 k!l 
25 
25 


% 
Standard deviation of frequency 1 


Frequency change with voltage 
Vcc = 7 V to 40 V. TA = 25°C 
0.1 
0.1 
% 


Frequency change with 


temperature 
Ct = 0.001 pF, 
Rt = 47 kn' 
ATA m MIN to MAX 


4 
2 


dead-time control-section (see figure 1) 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP1 
MAX 
UNIT 


V| = 0 to 5.25 V 
-2 
-10 
„A 


Maximum duty cycle 
V| (pin4) = 0 
CT = 0.1 pF, 
RT = 
12 kH 
90 
96 
100 
% 
CT = 0.1 pF. 
RT • 
47 kfl 
92 
100 


Input threshold voltage (pin 4) 
Zoro duty cycle 


Maximum duty cycle 
0 


3 
3.3 
V 


error-amplifier sections 


PARAMETER 


Input offset voltage 


Input offset current 


Input bias current 


Common-mode input voltage range 


Open-loop voltage amplification 


Unit-gain bandwidth 
Common-mode rejection ratio 


Output sink current (pin 3) 
Output source current (pin 3) 


output section 


PARAMETER 


Collector off-state curront 


Emitter off-state current 


Collector-emitter 


saturation voltage 


Common-emittor 


Emitter follower 


TEST CONDITIONS 


VQ (pin 3) " 2.5 V 
VQ (pin 3) • 2-5 V 
vO (pin 3) = 2.5 V 


Vcc = 7 V to 40 V 


AVp = 3 V. 
Rl • 2 kO, Vq • 0-5 Vto 3.5 V 


VCC = 40 V 
V|D = -15 mV to -5 V, Vlpin 3) = 0.5 V 
V|D 
•> 15 mV to 5 V, 
V(pin 3) = 3-5v 


TEST CONDITIONS 
MC35060 


VCE • 40 V, 
VCC = 40 V 
100 


VCc = VC = 40 V- VE = 0 
VE - 0, 
IC = 200 mA 


VC = 15 V, 
lE = -200 mA 
1.5 
'Forconditions shown as MIN orMAX. uso thoappropriate value specified under recommended operation conditu 
!AII typical values exceptfortemperaturo coefficients areat TA = 25°C 
'Duration of the short-circuit should not exceed one second. 
1Standard deviation isa measure ofthestatistical distribution about themean as derived from theformula 


MIN 
TYP' 
MAX 


-0.3 


to 
VCC-2 
70 


65 


25 
250 


95 


MC34060 
MIN 
TYP1 
MAX 


100 


1.3 


UNIT 


.:•-, 


dB 


_pA_ 


nA 
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<o_ 
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TYPES MC350B0, MC34060 
PULSE-WIDTH-MODULATION CONTROL CIRCUITS 


electrical characteristics over recommended operating free-air temperature range, Vcc = 15 V, f = 10kHz 
(unless otherwise noted) 


pwm comparator section (see figure 1) 


PARAMETER 
Input threshold voltage (pin 3) 


Input sink current (pin 3) 


TEST CONDITIONS 
Zero duty cycle 
Vfpin3) = 0.7 V 


MIN 
TYP1 
MAX 


4.5 


0.7 


UNIT 


total device 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP1 
MAX 
UNIT 


Standby supply current 
Pin 6 at Vref_ 


All other inputs and outputs open 
Vcc = 15 V 
6 
10 
mA 
Vcc = 40 V 
9 
15 
Average supply current 
v(pin 4) = 2 V. 
See Figure 1 
7.5 
mA 


switching characteristics, Ta = 25 °C 


PARAMETER 


Output voltage rise time 
Output voltage fall time 
Output voltage rise time 
Output voltage fall time 


TEST CONDITIONS 
Common-emitter configuration, 
See Figure 3 
Emitter-follower configuration. 
See Figure 4 


!AII typical values except for temperaturo coefficients aro at TA = 25°C 


MIN 
TYP1 
MAX 
UNIT 


100 
200 


PARAMETER MEASUREMENT INFORMATION 


10 
160 n 
2W 


r 


vcc 


DEAD-TIME 


FEEDBACK 


nT 


Ct 
a Million 
l-lj 


OND 


c 


c 


REF 
OUT 


191 
i 
181 


- 
1 
13, 
"k" 161 
1 \| 
'51 
"0.001 ufili 
Il2) 
k,4, 
i 
1131 


.1.- 


so.n 


4'" 


TEST CIRCUIT 


FEEDBACK 


DEAD TIME CONTROL -" 444444Z1Z1 
uiMinjuU 


TIMING WAVEFORMS 


FIGURE 1 - 
DEAD-TIME AND FEEDBACK CONTROL 
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TYPES MC35060, MC34060 
PULSE-WIDTH-MODULATION CONTROL CIRCUITS 


PARAMETER MEASUREMENT INFORMATION 


ERROR AMPLIFIER 
UNDER TEST 


FIGURE 2 - 
ERROR-AMPLIFIERCHARACTERISTICS 


TEST CIRCUIT 


O 
OUTPUT 


CL- 15pF 
(Includes probe and 


jig capacitance) 


OUTPUT VOLTAGE WAVEFORM 


FIGURE 3 - COMMON-EMITTER CONFIGURATION 
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TYPES MC35060, MC34060 
PULSE-WIDTH-MODULATION CONTROL CIRCUITS 


PARAMETER MEASUREMENT INFORMATION 


O 
OUTPUT 


CL= 15pF 
lincludos probe and 
jig capacitance) 


TEST CIRCUIT 
OUTPUT VOLTAGE WAVEFORM 


FIGURE 4 - 
EMITTER-FOLLOWER CONFIGURATION 


TYPICAL CHARACTERISTICS 


OSCILLATOR FREQUENCY and 
FREQUENCY VARIATION vs 


TIMING RESISTANCE 


4 k 
10 k 
40 k 
100 k 
Rj-Timing Resistance-^ 


400 k 
1M 


AMPLIFIER VOLTAGE AMPLIFICATION 


vs 
FREQUENCY 
100 


90 


80 
CQ 
-D 
I 
70 


o| 6° 
I 
50 
E 
< 
40 
o> 
I 30 
o 
> 
20 


10 


0 


vcc = 15V 
\ 
AV0 = 3V 
25°C 
- 
\ 
r'A- 


\ 
\ 
\ 


10 
100 k 
IM 


FIGURES 


'Frequency variation (ifI istho change in oscillator frequency that occurs ovor the full temperati 


100 
Ik 
10 k 
f—Frequency—Hz 


FIGURE 6 
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LINEAR 
INTEGRATED 
CIRCUITS 


High Efficiency . . . 80% Typ 


Low Bias Current ... 135 /iA 
Adjustable Output ... 2.5 V to 24 V 


Output Current ... 150 mA 


Internal Reference ... 1.3 V ±5% 


• 
Remote Shutdown Capabilities 


• 
Interchangeable with Raytheon RM4193 and 
RC4193 
description 


The RM4193 and RC4193 are monolithic micropower 
switching regulators designed to provide all the 
functions required to make a complete low-power 
switching regulator primarily for battery operated 
instruments. The RM4193 and RC4193 offer the 
system designer the flexibility of tailoring the circuit 
to the application. Typical applications include step- 
up switching regulation, step-down 
switching 
regulation, and inverting switch regulation. The 
devices 
each 
contain 
a 
1.3-volt 
temperature- 
compensated band-gapreference,an adjustable free- 
running oscillator, voltage comparator, low battery 
detection circuitry, and a 150-milliampere output- 


switch transistor. 
For most applications, these regulators can achieve up to 80% efficiency while operating over awide supply voltage 
range from 2.4 volts to 24 volts at an ultra-low bias current drain of 135 microamperes. The RM4193 and RC4193 
have an adjustable 100-hertz to 160-kilohertz free-running oscillator that provides the drive circuitry for the on-chip 
150-milliampere output-switch transistor. An external capacitor on pin 2determines the oscillator frequency. 
The low-battery detection circuitry contains an open-collector output transistor that can be used to activate aliquid 
crystal display whenever the battery voltage drops below aprogrammed level. This programmed level is determined 
by the selection of external resistors connected to pin 1. 
The regulator will shut off when pin 6(IC) is below 0.5 volt. The shut-off feature is useful in battery-backup applications 
requiring operation only when the line power is removed. Another use of this feature is connecting azener diode between 
pin 6and the battery line to shut down the regulator whenever the battery voltage drops below apredetermined level. 


The RM4193 will be characterized for operation over the full military temperature range of -55°C to125°C. The 
RC4193 will be characterized for operationfrom 0°C to 70°C. 


functional block diagram 


LBR 


VCC 


VFB 


TYPES RM4193, RC4193 
MICROPOWER SWITCHING REGULATOR 


D2718. SEPTEMBER 1983 


RM4193 . . . JG 
RC4193 . . . JG OR P 


DUAL-IN-LINE PACKAGE 


(TOP VIEW) 


LBRHi U8 
CXQ2 
7 
LXQ3 
6 
GNDf_4 
5 


pLBD 
JVFB 
Die 
Dvcc 


FUNCTION TABLE 


PIN 
FUNCTION 
DESCRIPTION 


1 
LBR 
Low battery resistor 


2 
CX 
External capacitor 


3 
LX 
External inductor 


4 
GND 
Ground 


5 
VCC 
Supply voltage 


6 
IC 
Reference set control 


7 
VFB 
Feedback voltage 


8 
LBD 
Low battery detector 


LOW-BATTERY 
DETECTION 
COMPARATOR 
-LBD 


GND 


If) 


3 
Ui 
<D 
CC 


03 
Ui 
CO 
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o 
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Voltage Regulators 


LINEAR 
INTEGRATED 
CIRCUITS 


Complete PWM Power Control Circuitry 


Uncommitted Outputs for Single-Ended 
or Push-Pull Applications 


Low Standby Current... 8 mA Typ 


Interchangeable With Silicon General 
SG1524, SG2524, and SG3524 


description 


The SG1524. SG2524, and SG3524 incorporate on 
single monolithic chips all the functions required 
in the 
construction of a regulating power supply, 
inverter, or switching regulator. They can also be 
used 
as the control element for high-power-output 
applications. The SG1524 family was designed for 
switching regulators of either polarity, transformer- 
coupled dc-to-dc converters, transformerless voltage 
doublers, and polarity converter applicationsemploy 
ing fixed-frequency, pulse-width-modulation tech 
niques. The complementary output allows either 
single-ended or push-pull application. Each device 
includes an on-chip regulator, error amplifier, pro 
grammable oscillator, pulse-steering flip-flop, two 
uncommitted pass transistors, a high-gain comparator, 
and current-limiting and shut-down circuitry. 


functional block diagram 


TYPES SG1524, SG2524, SG3524 
REGULATING PULSE WIDTH MODULATORS 


D2294. APRIL 1977 - REVISED DECEMBER 1982 


SG1524... J 
SG2524. SG3524... J OR LN 


DUAL-IN-LINE PACKAGE 


(TOP VIEW) 


IN- Ql ^isQ REF OUT 
IN+ £ 2 
153 VcC 
OSC OUT £ 3 
143 EMIT 2 
CURR LIM+ C4 
13 3 COL 2 
CURR LIM- £ 5 
12 ] COL 1 
RT Le 
ii D EMIT 1 
Cj L 7 
10 3 SHUT DOWN 
GND Lb 
9 3 COMP 


The SG1524 is characterized for operation over the 
full military temperature range of -55 C to 125 C 
The SG2524 is characterized for operation from 
-25°C to 85°C, and the SG3524 is characterized 
for operation from 0 C to 70 C. 
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TYPES SG1524, SG2524, SG3524 
REGULATING PULSE WIDTH MODULATORS 


absolute maximum ratings over operating free-airtemperature range (unlessotherwise noted) 


Supply Voltage, Vcc (see Notes 1 and 2) 
40 V 
Collector Output Current 
100 mA 
Reference Output Current 
50 mA 
Current Through Ct Terminal 
—5 mA 
Continuous Total Dissipation at (or below) 25°C Free-Air Temperature (SeeNote3) 
1000mW 
Operating Free-Air Temperature Range: SGI524 
-55°C to 125°C 
SG2524 
_25°C to 85°C 
SG3524 
0°C to 70° C 
Storage Temperature Range 
-65°C to 150°C 


NOTES: 1. Allvoltage values are with rospect to network ground terminal. 
2. The reforonco regulator may bo bypassed for operation from afixed 5-volt supply byconnecting theVccand reference output pins both tothe 
supply voltage. In this configuration tho moximum supply voltage is 6 volts. 
3. For operation above 25"C free-airtemperature refer to Figures 16 and 17. In tho J package, SGI 524 chips I 
SG3524 chips are glass mounted. 


recommended operating conditions 


i alloy rnountod; SG2524 and 


SG1524 
SG2524 
SG3524 
UNIT 
MIN 
MAX 
MIN 
MAX 
MIN 
MAX 
Supply voltage. Vqq 
8 
40 
8 
40 
8 
40 
V 
Reference output current 
0 
50 
0 
50 
0 
50 
mA 
Current thru Cj terminal 
-0.03 
-2 
-0.03 
-2 
-0.03 
-2 
mA 
Timing resistor. Rj 
1.8 
100 
1.8 
100 
1.8 
100 
kQ 
Timing capacitor. Cj 
0.001 
0.1 
0.001 
0.1 
0.001 
0.1 
MF 
Oporating free-air temperature 
-55 
125 
-25 
85 
0 
70 
°C 


electrical characteristics over recommended operating free-air temperature range, Vcc =20V, f =20kHz 
(unless otherwise noted) 


reference section 


PARAMETER 
TEST 


CONDITIONS* 


SG1524 
SG2524 
SG3524 
UNIT 
MIN 
TYP* 
MAX 
MIN 
TYPt 
MAX 
MIN 
TYPt 
MAX 
Output voltage 
4.8 
5 
5.2 
4.8 
5 
5.2 
4.6 
5 
5.4 
V 
Input regulation 
Vcc " 8 to 40 V 
10 
20 
10 
20 
10 
30 
mV 
Ripple rejection 
f* 120 Hz 
66 
66 
66 
dB 
Output regulation 
lO • 0 to 20 mA 
20 
50 
20 
50 
20 
50 
mV 
Output voltage change 


with temperature 
TA = MIN to MAX 
0.6 
2 
0.3 
1 
0.3 
1 
% 


Short-circuit output current § 
Vref - 0 
100 
100 
ID.: 
mA 


For conditions shown as MIN or MAX. use tho appropriate valua specifiod under recommended operating condi 
+AIItypical values except output voltage change with tomperature are at Ta - 25°C 


S Duration of tho short-circuit should not exceed ono second. 
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TYPES SG1524, SG2524, SG3524 
REGULATING PULSE WIDTH MODULATORS 


electrical characteristics overrecommended operating free-air temperature range, Vcc - 20 V, f - 20 kHz 
(unless otherwise noted) 


oscillator section 


PARAMETER 
TEST CONDITIONS* 
MIN 
TYPi 
MAX 
UNIT 


Frequency 
Ct =0.001 uF. 
RT-2kS2 


Standard deviation of frequency§ 
All values of voltage, temperature, 


resistance, and capacitance constant 
5 
% 


Frequency change with voltage 
Vcc 
8 to 40 V. 
Ta = 25 C 
1 
% 


Frequency change with temperature 
TA = MIN to MAX 


Outpul amplitude at pin 3 
3.5 
V 


Output pulse width at pin 3 
Ct "-0.01 uF 
0.5 
/iS 


error amplifier section 


If) 


PARAMETER 
TEST CONDITIONS 
SG1524, SG2524 
SG3524 
UNIT 
MIN 
TYPt 
-MAX 
MIN 
TYPt 
MAX 


Input offset voltage 
V|c = 2.5V 
0.5 
5 
7 
10 
mV 


Input bias current 
V|C = 2.5V 
2 
10 
7 
10 
uA 


Open-loop voltage amplification 
72 
80 
60 
80 
dB 


Common-mode input voltage range 
TA = 25'C 


1.8 


to 


3.4 


1.8 


to 


3.4 


V 


Common-mode rejection ratio 
70 
70 
dB 


Unity-gain bandwidth 
3 
3 
MHz 


Output swing 
TA • 25 C 
0.5 
3.8 
0.5 
3.8 
V 


output section 


JO 


3 
Ui 
03 
CC 


(1> 
O) 
CO 


o 
> 


PARAMETER 
TEST CONDITIONS 
MIN 
TYPt 
MAX 
UNIT 


Collector-emitter breakdown voltage 
40 
V 


Collector off-state current 
Vce -40 V 
0.01 
50 
uA 


Collector-emitter saturation voltage 
IC • 50 mA 
1 
2 
V 


Emitter output voltage 
Vc • 20 V. 
!e " -250 uA 
17 
18 
V 


Turn-off voltage rise time 
Rc • 2 ki! 
0.2 
M 


Turn-on voltage fall time 
Rp • 2 kS! 
0.1 
Pi 


comparator section 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP* 
MAX 
UNIT 


Maximum duty cycle, each output 
45 
% 


Input threshold voltage at pin 9 
Zero duty cycle 
1 
V 
Maximum duty cycle 
3.5 


Input bias current 
-1 
uA 


'For conditions shown as MIN or MAX. use the appropriate value specified under recommended operating conditions. 


+AII typical values except for temperature coefficients are at Ta " 25°C 


§ Standard deviation 
of the statistical distribution about 
the 
an as derived from the formula 
a 
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TYPES SG1524, SG2524, SG3524 
REGULATING PULSE WIDTH MODULATORS 


electrical characteristics over recommended operating free-air temperature range, Vrr = 20 V, f = 20 kHz 
(unless otherwise noted) 


current limiting section 


PARAMETER 
TEST CONDITIONS 
SG1524.SG2524 
SG3524 
UNIT 
MIN 
TYP1 
MAX 
MIN 
TYPt 
MAX 


Input voltage range (either input) 
-1 


to 


H 


-1 


to 


+1 


V 


Sense voltage at Ta = 25"C 
V(pin2)-V|pin l)>50mV. 
V|pin 9) • 2 V 


190 
200 
210 
130 
?00 
220 
mV 
Temperature coefficient 


of sense voltage 
0.2 
0.2 
mV/°C 


total device 


PARAMETER 
TEST CONDITIONS 
MIN 
TYPt 
MAX 
UNIT 


Standby current 
Vcc = 40 V. 
Pins 1,4.7.8,9.11.14 grounded. 


Pin 2 at 2 V. 
All other inputs and outputs open 
8 
10 
mA 


tAIItypical values exceptfor temperature coefficients areat TA- 25°C. 


2kn 
—Wr- 


PARAMETER MEASUREMENT INFORMATION 
Vcc = 8 to 40 V 


*So. 


«t' 


2kSl| 
Iz kn 


5 iw 


(OPEN) 


10kP.<* 


CIRCUIT 


UNDER 


TEST 


°i 
.; 71 
1 
iiO.luF 
+ 


FIGURE 1-GENERAL TEST CIRCUIT 
VCC 
|2kn 


OUTPUT 
BOX 


OUTPUT 


10% 
1094 


TESTCIRCUIT 
VOLTAGE WAVEFORMS 


FIGURE 2-SWITCHING TIMES 


—-Vcc 
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TYPES SG1524, SG2524, SG3524 
REGULATING PULSE WIDTH MODULATORS 


TYPICAL CHARACTERISTICS 


OPEN-LOOP VOLTAGE AMPLIFICATION 
OF ERROR AMPLIFIER 


vs 
FREQUENCY 


OSCILLATOR FREQUENCY 


vs 
TIMING RESISTANCE 


100 


100 
10M 


Frequency—Hz 


FIGURE 3 


10 


0.4 


OUTPUT DEAD TIME 


vs 


TIMING CAPACITANCE VALUE 


1 
1—III" 


r~*^^ 
— -~ 


4 
7 
10 
20 
40 
70 100 


Ry—Resistance—kJ2 


FIGURE 4 


0.1 
0.001 
0.004 
0.01 


Cj—Capacitance—uF 
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TYPES SG1524, SG2524, SG3524 
REGULATING PULSE WIDTH MODULATORS 


PRINCIPLES OF OPERATION 


The SG1524t isa fixed-frequency pulse-width-modulation voltage-regulator control circuit. The regulator operates at a 
fixed frequency that is programmed by one timing resistor Rt andonetiming capacitor Cj- Rt establishes a constant 
charging current for Cj. This results in a linearvoltage ramp at Cj, which is fed ro the comparator providing linear 
control of the output pulsewidth by the error amplifier. TheSG1524containsan on-board 5-volt regulatorthat serves 
as a reference aswell as supplying the SG1524's internal regulator control circuitry. The internal reference voltage is 
divided externally bya resistor ladder network to provide a reference within thecommon-mode range of theerroramp 
lifier as shown in Figure 6, or an external referencemay be used.The output issensed by a second resistordivider net 
work and the error signal isamplified. This voltage is then compared to the linear voltage ramp at Ct. The resulting 
modulated pulseout of the high-gain comparatoris then steered to the appropriate output pass transistor (Q1 or Q2) 
by the pulse-steering flip-flop, whichissynchronously toggled by the oscillator output. Theoscillatoroutput pulsealso 
servesas a blanking pulse to assure both outputs are neveron simultaneouslyduring the transition times. The width of 
the blanking pulse is controlled by the value of Cj- Theoutputs may beapplied ina push-pull configuration inwhich 
their frequency ishalf that of the base oscillator, or paralleled for single-ended applications inwhich the frequency is 
equal to that of the oscillator. The output of the error amplifier shares a common input to the comparator with the 
current-limiting and shut-down circuitry and can be overridden by signals from either of these inputs. This common 
point is also available externallyand may beemployed to controlthe gainof, or to compensate, the error amplifier, or 
to provide additional control to the regulator. 


TYPICAL APPLICATION DATA 


oscillator 


The oscillator controls the frequency of the SGI524 and is programmedby Rj and Cj as shown in Figure 4. 


< 
1.15 
O 
f« 
ra> 
where Rj is in kilohms 
RT CT 
.5: 
Cj is in microfarads 
A) 
f is in kilohertz 


^ 
Practical values of CT fall between 0.001 and 0.1 microfarad. Practical values of RT fall between 1.8 and 100 kilohms. 
(Q 
This results in a frequency range typically from 140 hertz to 500 kilohertz 
C_ 


Q> 
blanking 


O 
JJ5 
The output pulse of the oscillator is used as a blanking pulse atthe output. This pulse width is controlled by the value 
of Cj asshown in Figure 5. Ifsmall values ofCyarerequired, theoscillator output p"ulse width maystillbemaintained 
by applying a shunt capacitance from pin 3 to ground. 


synchronous operation 


When an external clock isdesired, a clock pulseof approximately 3 voltscan be applied directly to the oscillatoroutput 
terminal. The impedance to ground at this point is approximately 2 kilohms. In this configuration Rj- Cj must be 
selected for a clock period slightly greater than that of the external clock. 


If two or more SG1524 regulators are to be operated synchronously, all oscillator output terminals should be tied 
together. The oscillator programmed for the minimum clock period will be the master from which all the other 
SG1524's operate. In this application, the Cj Rt valuesof the slaved regulators must be set for a period approximately 
10% longer than that of the master regulator. In addition, Cj (master) = 2 Cj (slave) to ensure that the master output 
pulse, which occurs first, has a wider pulse width and will subsequently reset the slave regulators. 


'Throughout these discussions, references to SGI 524 epply also to SG2524 and SG3524. 
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TYPES SG1524, SG2524, SG3524 
REGULATING PULSE WIDTH MODULATORS 


TYPICAL APPLICATION DATA 


The5-volt internal reference may beemployed by use of an external resistor divider network to establish a reference 
within theerroramplifiers common-mode voltage range (1.8 to3.4volts) as shown in Figure 6,oranexternal reference 
may be applied directly to the error amplifier. For operation from afixed 5-volt supply, the internal reference may be 
bypassed by applying the input voltage to both theVcc and VREF terminals. In this configuration, however, theinput 
voltage is limited to a maximum of 6 volts. 


TO POSITIVE 
OUTPUT 
VOLTAGE 


R1 + R2 


REF 
OUT 


TO NEGATIVE 
OUTPUT 
VOLTAGE 


V0 • 2.5 V- 
R1 
R1 + R2 


FIGURE 6-ERROR AMPLIFIER BIAS CIRCUITS 


error amplifier 


The error amplifier is a differential-input transconductance amplifier. The output is available for dc gain control or ac 
phase compensation. The compensation node (pin 9) is a high-impedance node (Rl = 5 megohms). The gain of the 
amplifier is Av = (0.002 f2 ~ ) Rl and can easily be reduced from a nominal 10,000 by an external shunt resistance 
from pin 9 to ground. Refer to Figure 3 for data. 


compensation 


Pin 9, as discussed above, is made available for compensation. Since most output filters will introduce one or more 
additional poles at frequencies below 200 hertz, which is the pole of the uncompensated amplifier, introduction of 
a zero to cancel one of the output filter poles is desirable. This can best be accomplished with a series RC 
circuit from pin9 to ground in the range of 50kilohms and 0.001 microfarads. Other frequencies canbecanceled by 


use of the formula f « 
1/RC. 


shut down circuitry 


Pin 9 can also be employed to introduce external control of the SG1524. Any circuit that can sink 200 microamperes 
can pull the compensation terminal to ground and thus disable the SG1524. 


In addition to constant-current limiting, pins 4 and 5 may also be used in transformer-coupled circuits to sense primary 
current and shorten an output pulse should transformer saturation occur. Pin 5 may also be grounded to convert pin 4 


into an additional shutdown terminal. 
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TYPES SG1524, SG2524, SG3524 
REGULATING PULSE WIDTH MODULATORS 


TYPICAL APPLICATION DATA 


current limiting 


A current-limiting sense amplifier is provided in the SG1524. The current-limiting sense amplifierexhibits a threshold 
of 200 millivoltsand must be applied in the ground line since the voltage range of the inputs is limited to +1 volt to 
-1 volt. Caution should be taken to ensure the -1-volt limit is not exceeded by either input, otherwise damage to 
the device may result. 


Fold-back current limiting can be provided with the network shown in Figure 7. The current-limit schematic is shown 
in Figure 8. 


v(sonse] 
"OS"' 


1 / 
V0R2 
'0(max)= 
|V(sonso) + Rl +R 


i/here V(san$e) = 20 mV 


+VQUT 


FIGURE 7-FOLDBACK CURRENT LIMITING FOR SHORTED OUTPUT CONDITIONS 


(-) CL. 


COMP 
-L- 


CONSTANT-CURRENT 


SOURCE 


(+) CL. 


FIGURE 8-CURRENT-LIMIT SCHEMATIC 


COMPARATOR 


output circuitry 


The SG1524 contains two identical n-p-n transistors the collectors and emitters of which are uncommitted. Each 
transistor has antisaturation circuitry that limits the current through that transistor to a maximum of 100 miliiamperes 
for fast response. 
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TYPES SGI 524, SG2524, SG3524 
REGULATING PULSE WIDTH MODULATORS 


TYPICAL APPLICATION DATA 


There are a wide variety of output configurations possible when considering the application of the SG 1524 as a voltage 
regulatorcontrol circuit. They can be segregated into three basiccategories: 


1. Capacitor-diode-coupled voltage multipliers 


2. Inductor-capacitor-implemented single-ended circuits 


3. Transformer-coupled circuits 


Examples of these categories are shown in Figures 9,10 and 11,respectively. Detailed diagrams ofspecific applications 
are shown in Figures 12 through 15. 


_?\ 
+V|N 


+V|N 


D1 
-w- 


D1 


W—t-+Vo 
;kV|N>vo 


f-+vo 


V|N<V0 


+Vim 
•«- 


X 
X 


-+v0 


V|N > Vq 


+v0 


If) 
X 
X 


CO 
5 
OT 
03 
CC 


03 
Ui 
CO 
•** 


O 
> 


V|N<Vq 
-= 


X 
X 


--v0 


+V|N|<l-v0l 


FIGURE 9-CAPACITOR-DIODE-COUPLED VOLTAGE- 


MULTIPLIER OUTPUT STAGES 
FIGURE 10-SINGLE-ENDED INDUCTOR CIRCUIT 


+V|N 


push pull 
flyback 


figure 11-transformer-coupled outputs 
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TYPICAL APPLICATION 
DATA 
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SG1524 


OSC OUT 
COMP 
GND 


FIGURE 12-CAPACITOR-DIODE OUTPUT CIRCUIT 


FIGURE 13 - 
FLYBACK CONVERTER CIRCUIT 
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TYPICAL APPLICATION DATA 


RETURN- 


FIGURE 14-SINGLE-ENDED LC CIRCUIT 


VCC" 28 V 


vCc 


INV 


NONINV 


REFOUT 


Rt 


SHUT 
DOWN 


OSC OUT 
COMP 
GND 


1kfi 
1W 


1 kfi 
f W 
TIP31A 


El 


C1 


C2 


E2 


+C.L. 


-CL. 


100 a 


"J0.001 
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$20 kQ 
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FIGURE 15-PUSHPULL TRANSFORMER-COUPLED CIRCUIT 
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1200 


1000 


.S- 
800 


600 


8 
400 


E 
S 
E 
•; 
200 


THERMAL INFORMATION 


J PACKAGE FREE-AIR TEMPERATURE 


DISSIPATION DERATING CURVE 


FOR ALLOY MOUNT: 
DERATING FACTOR • 11 mW/'C 
ABOVE 58°C 
\R0JA • 91°C/W 


\* 


s. 
\ \ 


FOR EPOXYN OUNT: 
\ 


ABOVE 28°C 


R8JA!»116°CIW 


25 
50 
75 
100 
125 


Ta— Free-Air Temperature— C 


1200 


1000 


3 
800 


8 
E 
3 
1 
:•:' 


600 


400 


N PACKAGE FREE-AIR TEMPERATURE 


DISSIPATION DERATING CURVE 


DERAT ING FAC1 OR - 9.2 mW/°C 


"9JA* 108°CAV 


25 
35 
45 
55 
65 
75 
Ta—Free-Air Temperature—°C 


85 
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TYPES SG1525A, SG1527A, SG2525A, SG2527A, SG3525A, SG3527A 
PULSE-WIDTH MODULATION CONTROLLERS 


Complete PWM Power Control Circuitry 


8-Volt to 35-Volt Operation 


5.1-Volt Reference Trimmed to ± 1 % 


Frequency Range ... 100 Hz to 500 Hz 


• 
Adjustable Deadtime Control 


• 
Under-Voltage Lockout for Low Vcc 
Conditions 


• 
Latched PWM Prevents Multiple Pulses 


• 
Dual Sink or Source Output Drivers 


• 
Direct Replacements for Silicon General 
SG1525A/SG1527A Series 


output logic 


SG1525A, SG2525A, SG3525A ... NOR 
SG1527A, SG2572A, SG3527A ... OR 


description 
The SG1525A/SG1527A series ofpulse-width modulation integrated circuits aredesigned tooffer improved performance 
and lower external parts count when used toimplement various types ofswitching power supplies. Each device includes 
anon-chip 5.1-volt reference, error amplifier, programmable oscillator, pulse-steering flip-flop, a latched comparator 
under-voltage lockout, shutdown circuitry, and complementary source orsink outputs. The on-chip 5.1-volt reference 
istrimmed to ±1% initial accuracy, servesas a reference output,andsupplies the internal regulator control circuitry. 
The input common-mode range ofthe error amplifier includes the reference voltage, which eliminates theneed for 


external divider resistors. 
The oscillator operates at a fixed frequency determined by one timing resistor Rt and one timing capacitor Or.The 
timing resistor establishes the constant charging current for Cj. resulting in a linear voltage ramp at Ct, which is 
fed tothePWM comparator providing linear control oftheoutput pulse duration by theerror amplifier. ASync input 
to the oscillator allows forexternal synchronization orformultiple units to beslaved together.Asingle external resistor 
between theCt pin and theDischarge pin provides a wide range ofdead-time adjustment. These devices also feature 
built-in soft-start circuitry that requires only anexternal timing capacitor. The Shutdown pin controls boththe soft- 
startand theoutput drivers, and provides instantaneous turn-off with soft-start recycle for slow turn-on. The soft- 
startand output driver circuitry are also controlled by theunder-voltage lockout circuit, which, during low-input supply 
voltage ofless than that required for normal operation, keeps the soft-start capacitor discharged and the output drivers 


off. 
Another unique feature is the S-R latch following the PWM comparator. This feature enables the output drivers to 
beturned off any time the PWM pulse isterminated. The latch isreset with each clock pulse. However, the PWM 
outputs will remain turned offforthe duration of the period ifthe PWM comparator output is ina low-level state. 
The SG1525A, SG2525A, and SG3525A output stages feature NOR logic, resultingina lowoutput for an off-state. 
TheSG1527A, SG2527A, and SG3527A outputstages feature OR logic, resulting ina high-level outputforan off- 
state. Theoutput stages are totem-pole designs capable of sourcing or sinking 200 miliiamperes of output current. 


TheSG1525A and SG1527A are characterized foroperation overthe full military temperature rangeof -55°C to 
125°C. The SG2525A and SG2527A are characterizedfor operation from -25°C to 85 °C. The SG3525A and 
SG3527A are characterized for operation for 0°C to 70°C. 
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TYPES SG1525A, SG1527A, SG2525A, SG2527A, SG3525A, SG3527A 
PULSE-WIDTH MODULATION CONTROLLERS 


functional block diagram (positive logic) 


I1BI 
vcc- 


Rt — 
CT-fii 


COMPENSATION 


INVERTING HI 
INPUT 


NONINVERTING 
'21 
INPUT 


111I 


tj 
REO 


5.1 V 


X 
UVLO 
REF 
IF •L* 


— 
REFERENCE 


Vc 


lOUTPUTA 
| 


I OUTPUTB 


SOFT-START 
7"! 
'»' vc 


SHUTDOWN 
\MV- 


IOUTPUT A |_J" 


i_r 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc 'see Note 1) 
40 v 
Collector voltage, Vc 
40 V 
Logic input voltage range syncandshutdown 
-0.3 V to 5.5 V 
Analog input voltage range error amplifier inputs 
-0.3 Vto Vrr 
Output current, l0 
'*.".'.'. ....'. 
500 mA 
Reference output current, Irf_f 
5q mA 
Current through Ct terminal 
- 5 mA 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2) 
1000 mW 
Operating free-air temperature range: SG1525A, SG1527A 
-55°C to 125°C 
SG2525A, SG2527A 
-25°C to 85°C 
SG3525A. SG3527A 
0°C to 70°C 
Operating virtual junction temperature range 
0°C to 150°C 
Storagetemperature range 
- 65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for60 seconds: J Package 
300°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: NPackage 
260°C 


NOTES: 1. Allvoltage values ore with respect to network ground torminal. 
2. For oporating above 25°C free-air temperature, seeDissipation Derating Curves. Figures 1and 2. In tho J package. SG1525A and SG1527A 
chips are alloy-mounted; SG2525A. SG2527A. SG3525A. and SG3527Achips are epoxy mounted. 
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TYPES SG1525A, SG1527A. SG2525A, SG2527A, SG3525A, SG3527A 
PULSE-WIDTH MODULATION CONTROLLERS 
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3f 1000 


c_o 


.1 
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R 
5 
1 
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3 
C 
1 
cS 
400 


E 
a 
I 
200 


J PACKAGE FREE-AIR TEMPERATURE 


DISSIPATION DERATING CURVE 


FOR ALLOY MOUNT: 
DERATING FACTOR • 11 mw7°C 
ABOVE 58°C 
\"8JA *91°C/W 
uX 


\ 


FOR EPOXY 
TOUNT: 


ABOVE 2B°C 
R0JA="6°C AV 


25 
50 
75 
100 
TA-Free-Air Temperature-°C 


FIGURE 1 
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1200 
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I.9- 
800 


600 


400 


N PACKAGE FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE 


DERATING FACTOR - 9.2 mW/°C 
ABOVE 41°C 


RffJA ""108°C/W 
1 


5 
200 
- 


25 
35 
45 
55 
65 
75 


T/\—Free-Air Temperature— C 


FIGURE 2 
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recommended operating conditions 


PARAMETER 
SG1625A 
SG1527A 
SG2525A. SG2527A 
SG3525A SG3527A 
UNIT 
MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


Supply voltage, Vcc 
8 
35 
8 
35 
8 
35 
V 


Collector voltage. Vc 
4.5 
35 
4.5 
35 
4.5 
35 
V 


Output curront, lo 
Steady state 
0 
±100 
0 
±100 
0 
±100 
mA 
Peak 
0 
±400 
0 
±400 
0 
±400 


Reference output current, Iref 
0 
20 
0 
20 
0 
20 
mA 


Oscillator frequency range 
100 
500 
100 
500 
100 
500 
kHz 


Timing resistor, Rj 
2 
150 
2 
150 
2 
150 
kfi 


Timing capacitor, Cf 
0.001 
0.1 
0.001 
0.1 
0.001 
0.1 
/•F 


Dead-timo resistor, Rq 
0 
500 
0 
500 
0 
500 
ff 


Operating freo-air temperature range, T^ 
-55 
125 
-25 
85 
0 
70 
°C 
D 
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TYPES SG1525A, SG1527A, SG2525A, SG2527A, SG3525A, SG3527A 
PULSE-WIDTH MODULATION CONTROLLERS 


electrical characteristicsover recommended operating free-air temperature range, Vcc = 20 V 
(unless otherwise noted) 


reference section 


PARAMETER 
TEST CONDITIONS 
SG1526A. SGI 527A 


SG2525A. SG2527A 
SG3525A. SG3527A 


Output voltage 


Input regulation 


Output regulation 


Output voltage change with 


temperature 


Output voltage long-term drift 


(see Note 31 


Output noise voltage (RMSI 


Tj = 25 °C 
VCc " 8 V to 35 V. 
Iq = 0 to 20 mA 


VCc = 8 V to 35 V 
Iq = 0 to 20 mA 


After 1000 h at Tj = 125°C 


f = 10 Hz to 10 kHz. Tj = 25°C 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
5.05 
5.1 
5.15 
5.1 


4.95 
5.25 


20 


50 


50 


25 
25 


40 
200 
*V 
Short-circuit output current 
VQ = 0 V, Tj = 25°C 
80 
100 
80 
100 
mA 


oscillator section 


PARAMETER 
TEST CONDITIONS 


SG1525A. SG1527A 


SG2525A. SG2527A 
SG3525A. SG3527A 
UNIT 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
Maximum frequency 
RT = 2 kfl. 
Ct = 1 nF 
400 
400 
kHz 
Minimum frequency 
RT = 150 kO. 
CT = 0.1 pF 
100 
100 
Hz 


Initial frequency error 
Rt = 3.6 kn. 
rd = o n, 
Ct = 0.1 pF. 
f = 40 kHz, 
TA = 25°C 
±2% 
±6% 
±2% 
±6% 


Frequency change with 
supply voltago 
Vcc = 8 V to 35 V 
±0.3% 
±1% 
±1% 
±2% 


Frequency change with 


temperature 
TA = MIN to MAX 
±3% 
±6% 
±3% 
±6% 


Output amplitude at Pin 4 
Rt = 3.6 kn, 
Rq = o n. 
Ct - 0.1 pF. 
f = 40 kHz 
3 
3.5 
3 
3.5 
V 


Output pulso duration at Pin 4 
rt = 3.5 kn, 
rd = o n 


CT = 0.1 pF. 
f = 40 kHz. 
Tj = 25°C 
0.3 
0.5 
1 
0.3 
0.6 
1 
ps 


Input threshold voltage at Pin 3 
1.2 
2 
2.8 
1.2 
2 
2.8 
V 
Input current at Pin 3 
V|(Pin3l = 3.5 V 
1.6 
2.5 
1.6 
2.5 
mA 
Current through Pin 5 due to 


internal current mirror 
Current through Pin 6 = 6 mA 
1.7 
2 
2.2 
1.7 
2 
2.2 
mA 


NOTE 
3: Since long-term drift cannot bemoasured onthoindividual devices prior to shipment, thisspecification isnotintended tobeaguarantee orwarranty. 
It is an engineering estimate of the average drift to be expectod from lot to lot. 
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TYPES SG1525A, SG1527A, SG2525A, SG2527A, SG3525A, SG3527A 
PULSE-WIDTH MODULATION CONTROLLERS 


electrical characteristics over recommended operating free-air temperaturerange, Vcc - 20 V 
(unless otherwise noted) 


error amplifier section 


PARAMETER 
TEST CONDITIONS 


SG1525A. SG1527A 


SG2525A. SG2527A 
SG3525A. SG3527A 
UNIT 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


High-level output voltage 
3.8 
5.6 
3.8 
5.6 


Low-level output voltage 
0.2 
0.5 
0.2 


2 
10 
mV 


Input bias current 
1 
10 
1 
10 
/•A 


Input offset current 
1 
„A 


Open-loop voltage amplification 
RL a 
10 M 
60 
75 
60 
75 


Common-mode rejection ratio 
V|c = 1.5 V to 5.2 V 
60 
75 
60 
75 


Supply voltage rejection ratio 
Vcc " 8 V to 35 V 
50 
60 
50 
60 
dB 


Gain-bandwidth product 
AV = OdB. 
Tj = 25°C 
1 
2 
1 
2 
MHz 


comparator section 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


Input threshold voltage 


RT - 3.6 kO. 


Rd = ° o, 
CT = 10 nF, f = 40 kHz 


Duty cycle = 0% 
0.6 
0.9 


V 
Duty cycle 
= MAX 
3.3 
3.6 


Input bias current 
0.5 
pA 


soft-start section 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


Soft-start voltago 
V| at Pin 10 • 
2 V 
0.4 
0.6 
V 


Soft-start current 
V| at Pin 10 = 0 V 
25 
50 
80 
„A 


Input current. Shutdown 
V| at Pin 10 • 
2.5 V 
0.4 
mA 


output section 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


High-level output voltago 
l0H = -20 mA 
18 
19 
V 
Iqh = -100 mA 
17 
18 


Low-lovol output voltago 
Iql = 20 mA 
0.2 
0.4 H 
Iql • 
100 mA 
1 
2 


Under-voltago lockout voltage 
V| at Pins 8 and 9 = high 
6 
7 
8 


Collector cutoff current (see Note 41 
Vc = 35 V. lo • 100 mA 
200 
uA 


Output pulso rise time 
CL = 1 nF. Tj 
= 25°C 
100 
600 
ns 


Output pulso fall time 
CL = 1 nF. Tj = 25°C 
50 
ns 


Shutdown delay time 
V| at Pin 10 = 3 V, 
capacitance at pin 8 = 0, Tj = 25 °C 
0.2 
0.5 
pa 


NOTE 4: Colloctor cutoff curront specifications apply only for tho SG1525A. SG2525A. and SG3525A devices. 


total device 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


Minimum duty cycle 
0% 


Maximum duty cycle 
45% 
49% 


Standby current 
VCC = 35 V 
14 
20 
mA 


If) 


JS 
3 
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TYPES SG1525A, SG1527A, SG2525A, SG2527A, SG3525A, SG3527A 
PULSE-WIDTH MODULATION CONTROLLERS 


SYNC 


10000 


1000 


100 


I 
J 
L 


(16) 


250 !.' |4) 
f-^vw 
OSCILLATOR 
OUTPUT 


FIGURE 3 - 
OSCILLATOR SCHEMATIC DIAGRAM 


TYPICAL CHARACTERISTICS 


CHARGING TIME 


vs 


TIMING RESISTOR 


10 
100 
Rt—Timing Resistor—kJ2 


FIGURE 4 


1000 


1000 


100 


DISCHARGE TIME 


vs 


DEAD TIME RESISTOR 


100 
200 
300 
400 
500 
Rq—Dead Time Resistor—£2 


FIGURE 5 


6-86 
Texas 
Instruments 


POST OFFICE BOX 225012 • 
DALLAS. TEXAS 75265 


100 


80 


tn 
60 


U 
40 


> 
20 


TYPES SG1525A, SG1527A, SG2525A, SG2527A, SG3525A. SG3527A 
PULSE-WIDTH MODULATION CONTROLLERS 


TYPICAL CHARACTERISTICS 


ERROR AMPLIFIER OPEN-LOOP 
FREQUENCY RESPONSE 


\ 
,Q 


pRL =20 k 'A 


Vcc = 20 V 
Ta =25°C 
. 
I 
\ 


SG1525A OUTPUT SATURATION VOLTAGE 


vs 
OUTPUT CURRENT 


t0.01 
±0.02 ±0.04 
±0.1 
0.2 
0.4 
0.7 
1 
Output Saturation Voltage—V 


-20 
10 
100 
Ik 
10 k 
100 k 
1M 
10 M 


f—Frequency—Hz 


vcc 
(15) 


INVERTING 
(1) 
INPUT 


NONINVERTING 
(2) 
INPUT 


COMPENSATION 


GND 
(12) 


1 kJ2 
_WV- 


200 uA 


Values shown are nominal 


< 


100/iA I 


m 


TO PWM 
COMPARATOR 


5.8 V 


FIGURE 8 
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ERROR AMPLIFIER SCHEMATIC DIAGRAM 
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TYPES SG1525A, SGI527A, SG2525A, SG2527A, SG3525A, SG3527A 
PULSE-WIDTH MODULATION CONTROLLERS 


VfjcO 


m 
intIrnal- " 
i 
CONNECTIONS 


c 


-w- 


FIGURE 9 - 
OUTPUT CIRCUITSCHEMATIC DIAGRAM 


TYPICAL APPLICATION DATA 


-o vc 


< 


shutdown options 


6-88 


1. 
Use anexternal transistor oropen-collector comparator to pull down ontheCompensation terminal (Pin 9).This 
will setthe PWM latch and turn off both driver outputs. If the shutdown signal ismomentary, pulse-by-pulse protection 
will be accomplished as the PWM latch is reset with each clock pulse. 


2. The same results may beaccomplished by pulling down on the Soft-Start terminal (Pin 8)with the only difference 
being that onthis pin shutdown will not affect the amplifier compensation network, but must discharge any soft- 
start capacitance. 


3. Application ofa positive-going signal to the Shutdown terminal (Pin 10) will provide the most rapid shutdown of 
the driver outputsbut will not immediately set the PWM latchifthereis a capacitor at the Soft-Start terminal. The 
capacitor will discharge butat a current twice thecharging current. The PWM latch canbesetona pulse-by-pulse 
basis by the shutdownterminal if there is no external capacitance on the Soft-startterminal (Pin 8). Slow turn-on 
may still be accomplished by connecting an external capacitor, blocking diode, and charging resistor to the 
Compensation terminal (Pin 9). 


Texas 
Instruments 


POST OFFICE BOX 225012 • 
OALLAS. TEXAS 75265 


Vcc 


TYPES SG1525A, SG1527A, SG2525A, SG2527A, SG3525A, SG3527A 
PULSE-WIDTH MODULATION CONTROLLERS 


VCC 


TYPICAL APPLICATION DATA 


TO 
OUTPUT FILTER 


Forsingle-ended supplies, thedriveroutputsaregrounded. 
TheVc terminal isswitched to ground bythetotem-pole 
source transistors on the alternate oscillator cycles. 


FIGURE 10 - 
SINGLE-ENDED CIRCUIT 


Low-power transformers can be directly driven by tho 
SG1525A. Automatic resat occurs during deadtlmo whan 
both ends of the primary winding are switched to ground. 


FIGURE 11 
- 
TRANSFORMER-COUPLED CIRCUIT 
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PULSE-WIDTH MODULATION CONTROLLERS 


Vcc 


TYPICAL APPLICATION DATA 


In conventional push-pull bipolar designs, forward base drive 
is controlled by Ri —R3. Rapid turn-offtimes for the power 
devices areachieved withspeed-up capacitors Ci andC2- 


FIGURE 12 - 
BIPOLAR PUSH-PULL CIRCUIT 


The low source impedance of the output drivers provides 
rapid charging of 
power FET input capacitance while 
minimizing external components. 


FIGURE 13 - 
LOW-IMPEDANCE BIPOLAR-DRIVE 
PUSH-PULL CIRCUIT 
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LINEAR 
INTEGRATED 
CIRCUITS 


Output Voltage Range Adjustable 
from 1.2 Vto 32 V 


Guaranteed Output Current Capability of 
100 mA 


terminal assignments 


description 


TL317M...JG PACKAGE 


(TOP VIEW) 


INPUT £ 
NC £ 
NCQ 
NC[[ 


2 
7 


3 
6 


4 
5 


h 
OUTPUT 
3 NC 
] ADJUSTMENT 
3 NC 


NC—No internal connectit 


TYPETL317M, TL317C 
3-TERMINAL ADJUSTABLE REGULATOR 


D2527, APRIL 1979-REVISED JANUARY 1983 


Input Regulation Typically0.01% 
Per Input-Volt Change 


Output Regulation Typically 0.5% 


Ripple Rejection Typically 80 dB 


TL317C ... LP SILECT PACKAGE 


(TOP VIEW) 


INPUT 


OUTPUT 


ADJUSTMENT 


Aqi 
CO 


The TL317 is an adjustable 3-terminal positive-voltage regulator capable of supplying 100 miliiamperes over an 
output-voltage range of 1.2 volts to32volts. It is exceptionally easy to use and requires only two external resistors to 
settheoutput voltage. Both input and output regulation are better than standard fixed regulators. The device is pack 
aged instandard packages that areeasily mountedand handled. 


In addition to higher performance than fixed regulators, this regulator offers full overload protection available only in 
integrated circuits. Included on the chip are current limit and thermal overload protection. All overload protection 
circuitry remains fully functional even if theadjustment terminal isdisconnected. Normally, nocapacitors are needed 
unless the device is situated far from the input filter capacitors in which case an input bypass is needed. Anoptional 
outputcapacitor can beadded to improve transient response. The adjustment terminal can bebypassed to achieve very 
high ripple rejection, whichisdifficultto achieve withstandard 3-terminal regulators. 


Besides replacing fixed regulators, the regulator is useful ina wide variety of other applications. Since the regulator 
is floating andsees only the input-to-output differential voltage, supplies of several hundred volts can beregulated as 
long as themaximum input-to-output differential is not exceeded. Its primary application isthatof a programmable 
output regulator, but by connecting a fixed resistor between theadjustment terminal and theoutput terminal, this 
device can be used as a precision current regulator. Supplies with electronic shutdown canbeachieved by clamping the 
adjustmentterminal to ground,whichprograms the output to 1.2voltswheremostloadsdrawlittle current. 


The TL317M is characterized for operation over the full military temperature range from -55°C to 125C. The 
TL317C is characterized for operation from 0°C to 125 C. 
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TYPE TL317M, TL317C 
3-TERMINAL ADJUSTABLE REGULATOR 


schematic 


All component value! shown ore nominal 


OOUTPUT 


O ADJUSTMENT 


absolute maximum ratings over operation temperature range (unless otherwise noted) 


Input-to-output differential voltage, V\ - Vq 
35 V 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 1):JG package 
1050 mW 


LP package 
775 mW 
Continuous total dissipation at (or below) 25 °C case temperature (see Note 1) 
1600 mW 
Operating free-air, case, or virtual junction temperature range: TL317M 
-55°C to 150°C 


TL317C 
0°Cto 150°C 
Storage temperature range 
- 65°C to 150°C 
Leadtemperature 1,6 mm (1/16 inch) from case for 60 seconds, JG package 
300°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds, LPpackage 
260 °C 


NOTE 1: Foroperation above 25 °C (ree-airor case temperaturo, refer to Dissipation DeratingTable. 


DISSIPATION DERATING TABLE 


PACKAGE 
REFERENCE 


POINT 


POWER 


RATING 


DERATING 


FACTOR 


ABOVE 


(TA OR TC) 


JG 
Free-air 
1050 mW 
8.4mW/°C 
25° C 


Case 
1600mW 
38.4 mW/°C 
108°C 


LP 
Free-air 
775 mW 
6.2 mW/°C 
25°C 


Case 
1600 mW 
28.6mW/°C 
94° C 


recommended operating conditions 


TL317M 
TL317C 
UNIT 
MIN 
MAX 
MIN 
MAX 
Output current, Iq 
2.5 
100 
2.5 
100 
mA 
Operating virtual junction temperature, Tj 
-55 
125 
0 
125 
°C 
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TYPE TL317M, TL317C 
3-TERMINAL ADJUSTABLE REGULATOR 


electrical characteristics over recommended ranges ofoperating virtual junction temperature 
(unless otherwise noted) 


PARAMETER 
TEST CONDITIONS7 
MIN 
TYP 
MAX 
UNIT 


Input regulation (see Note 2) 


Ripple rejection 


Output regulation 


Output voltage change with temperature 
Output voltage long-term drift (see Note 4) 


Output noise voltage 
Minimum output current to maintain regulation 


Peak output current 


Adjustment-terminal current 
Change in adjustment-terminal current 


Reference voltage (output to ADJ) 


V| - Vq " 3 V to 35 V. 


See Note 3 
Tj-25°C 
Iq • 2.5 mA to 100mA 
f- 120 Hz 
Vq = 10V, 
V0 =10V, 
f- 120Hz. 
10-jjF capacitorbetweenADJand ground 
Iq = 2.5 mA to 100mA, 
Tj - 25°C. 


See Note 3 
l0 - 2.5 mA to 100 mA. 


See Note 3 


V0<5V 


V0>5V 


V0<5V 
Vq>5V 
Tj =0°Cto 125°C 
After 1000h at Tj ~ 125°Cand V| - Vq = 35 V 
f= 10 Hz to 10 kHz. 
Tj • 25"C 
V|-Vq = 35 V 
V|- V0<35V 


V| - Vq =2.5Vto35V. Iq =2.5mA to 100mA 
V|-V0 =3 V to 35 V. 


P < rated dissipation 
Iq • 2.5 mA to 100 mA, 


0.01 
0.02 


0.02 
0.05 
%/V 


65 


66 
80 


25 
mV 


0.5 


50 
mV 


0.3 


0.003 


1.5 
2.5 
mA 


100 
200 
mA 


50 
100 
(lA 


0.2 
tiA 


1.2 
1.25 
1.3 


t Unless otherwise noted, these specifications apply forthefollowing testconditions: V{ - VQ*- 5 Vand \Q- 2.5mA. 
NOTES: 2. Inputregulation isoxprossed here asthepercentage change In outputvoltago per1-volt change at thoinput. 
3 Input regulation and output regulation aro moasurod using pulso techniques (tw < 10 pi. duty cycle < 5%) tolimit changes In 
average internal dissipation. Output voltago change, duo to largo change, In Int.rn.l dissipation must be taken Into account 


separately. 
i. Since long-term drift cannot bemeasured on tho Individual devices prior toshipment, this specification isnot intended to bo 
guarantee orwarranty. ItIsanengineering estimate oftho average drifttobo expocted from lottolot. 


FIGURE 1-ADJUSTABLE 
VOLTAGE REGULATOR 


TYPICAL APPLICATION DATA 


'OI discharges C2 If output 


is shortod to ground. 


FIGURE 2-0-V to 30-V REGULATOR 
FIGURE 3-ADJUSTABLE REGULATOR 
CIRCUIT 
CIRCUIT WITH IMPROVED 
RIPPLE REJECTION 


NOTES: A. Useof on Input bypass capacitor IsrocommondedIf regulator Isfor from filter capacitors. 
B. Us* of an output capacitor Improves translont rosponso but Isoptional. 
C. Vrefequalsthodifferencebetweentho output ondadjustmonttorminal voltages. 


D. 
Outpu 
oltage is 
uleied fr 
i tho oquati 
(=•*) 
Vo " vre( 
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TYPE TL317M, TL317C 
3-TERMINAL ADJUSTABLE REGULATOR 


TYPICAL APPLICATION DATA 


IN 
OUT 
ADJ 
r-1 
'nmh--^ 
-Mh—o 


FIGURE 4-PRECISION CURRENT 
LIMITER CIRCUIT 


V0-15V 


FIGURE 6-SLOW-TURN-ON 15-V 
REGULATOR CIRCUIT 


t-Thls resistor sots poak curront(100mA for6 17) 


FIGURE 8-CURRENT-LIMITED 


6-V CHARGER 


FIGURE 5-TRACKING PREREGULATOR 
CIRCUIT 


IN 
OUT 
ADJ 


I 


FIGURE 7-50-mA CONSTANT-CURRENT 
BATTERY CHARGER CIRCUIT 


*Minimumload curront Is30 mA. 
§Optionalcapacitorimproves ripplerejection 


OV0 


FIGURE 9-HIGH-CURRENT ADJUSTABLE REGULATOR 


6-94 
Texas 
Instruments 
POST OFFICE BOX 225012 • 
DALLAS. TEXAS 75265 


LINEAR 
INTEGRATED 
CIRCUITS 


Temperature Compensated 


Programmable Output Voltage 


Low Output Resistance 


Low Output Noise 


Sink Capability to 100 mA 


TYPES TL430I, TL430C 
ADJUSTABLE SHUNT REGULATORS 


D2165, JUNE 1976-REVISED DECEMBER 1982 


LP 
SILECT 
PACKAGE 


description 


The 
TL430 
is a three-terminal adjustable shunt 
regulator featuring excellent temperature stability, 
wide operating current range, and low output noise. 
The output voltage may be set by two external 
resistors to any desired value between 3 volts and 
30 volts. The TL430 can replace zener diodes in 
many applications providing improved performance. 


The TL430I 
is 
characterized for 
operation 
from 
-25°C to 85°C, and the TL430C is characterized 
for operating from 0°C to 70 °C. 


functional block diagram 


ANODE 


(A) 


REF 
k 
CATHODE 


(K) 


(TOP VIEW) 


RAK 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Regulator voltage (see Note 1) 
'• 
Continuous regulator current 
Continuous dissipation at(or below) 25°C free-air temperature (see Note 2) 
775mW 
Operating free-air temperature range: TL430I 
-40°Cto85°C 
TL430C 
0°Cto70°C 
Storage temperature range 
' 
-65°Cto150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10seconds 
260°C 


recommended operating conditions 


. . 30 V 
150 mA 


Regulator Voltage, Vz 
Regulator current, lz 
. 


MIN 
MAX 
UNIT 
Vref 
30 
V 


2 
100 
mA 


NOTES: 
Allvoltage values are with respoct to the anode torminal. 
Foroporation above 25 °C Iroo-oir tomporature, referto Dissipation Derating Curves. Figure 5. 


Copyright © 1982 by Texas Instruments Incorporated 
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TYPES TL430I, TL430C 
ADJUSTABLE SHUNT REGULATORS 


electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER 
TEST 


FIGURE 
TEST CONDITIONS 
TL430I 
TL430C 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
Vref 
Reference input voltage 
1 
vZ = vref. 
lZ = 10mA 
2.6 
2.75 
2.9 
2.5 
2.75 
3 
V 


QVref 
Temperature coefficient of 


reference input voltage 
1 
vZ = vref- 
Iz-.OmA, 
TA = 0°Cto70°C 
+120 
+ 200 
+ 120 
Ppm/°C 


"ref 
Reference input current 
2 
lz = 10mA, 
Rl » 10 kn, 


R2 =°° 
3 
10 
3 
10 
pA 


IZK 
Regulator current near lower 


knee of regulation range 
1 
vz • vre( 
0.5 
2 
0.5 
2 
mA 


•ZM 
Regulator current at maximum 


limit of regulation range 


1 
VZ " Vref 
50 
50 
mA 
2 
Vz = 5 V to 30 V. 
See Note 3 
100 
100 


•"z 
Differential regulator resistance 


(see Note 4) 
1 
VZ " Vref. 
Al2= (52-2) mA 
1.5 
3 
1.5 
3 
n 


vnz 
Noise voltage 
2 
f = 0.1 Hz to 10 Hz 
VZ-3V 
50 
50 


*iV 
Vz= 12 V 
200 
200 


Vz • 30 V 
650 
650 


NOTES: 
3. The average power dissipation, Vz ' 'z "duty cycle, must not exceed the maxir 
4. Tho regulator resistance for Vz > Vre(. rz', is given by: 


B1 


R2 


antinuous rating in any 10-ms interval. 


PARAMETER MEASUREMENT INFORMATION 


INPUT 
O 
W^ 


Vref 
1 
.. 


-O VZ 


FIGURE 1-TEST CIRCUIT FOR Vz = Vref 


'ref 


R2 $ 
Vref 


vZ =Vref(1+ 
)+lref.Ri 
R2 
e 


-O VZ 


FIGURE 2-TEST CIRCUIT FOR V2>Vref 
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TYPES TL430I, TL430C 
ADJUSTABLE SHUNT REGULATORS 


TYPICAL CHARACTERISTICS 


SMALL-SIGNAL REGULATOR IMPEDANCE 


vs 
FREQUENCY 
IbU 


140 


120 


< 
I 100 


c 
0 
5 
80 
CJ 
l 
" 
60 


40 


20 


0 


CURRENT 


vs 
VOLTAGE 


vz = Vref 
TA = 25° C 


VZ = Vref 
I'A" 2bnC 


"Z 


i'ZK 


10 
102 
103 
104 
f-Frequency-Hz 


105 
106 


THERMAL INFORMATION 


800 


| 
700 


1 
0 
600 


a. 
a 
soo 


a 
1 400 


c 
? 
300 
o 
o 
| 
200 


E 


™ 
100 


n 


LP PACKAGE 
DISSIPATION DERATING CURVE 


1 
2 
3 
V-Voltage-V 


25 
35 
45 
55 
65 
75 
85 
TA-Free-Air Temperature-°C 


FIGURE 5 
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TYPES TL430I, TL430C 
ADJUSTABLE SHUNT REGULATORS 


/}Bi 


l 
-*-o 


FIGURE 6-SHUNT REGULATOR 


TYPICAL APPLICATION DATA 


Vou,-"-^lv„, 


FIGURE 7-SERIES REGULATOR 


~f4 


FIGURE 8-CURRENT LIMITER 


O v^, 
V. o—0"\p- 


< 
o 


••+ 
03 
(D 


Rl 
Voul " V,.i 11 • —1 
H3 


J 
7 


> 
n? 


CD 
Min voul "vrel • 5 
* 


73 
CD 
CQ 
FIGURE 9-OUTPUT CONTROL OF A 


THREE-THERMAL 
U) 
FIXE D 
RE GULATOR 


(A 


i. o—• 
•>- 


H III > 
HIA > 
< 


voui * " • ^i< v„ 


FIGURE 10-HIGHER-CURRENT 


APPLICATIONS 


OUTPUT ON 
WHEN 


Lo*,l,m,l •V,„I1 .^I|.|. vBE 


H*li"«l - V„, II •-Sijl 


FIGURE 12 - OVER-VOLTAGE/UNDER-VOLTAGE 


PROTECTION CIRCUIT 


V|,m,l-" ~"V,,|- VBE(Q„I 


FIGURE 11-CROW BAR 


Lo«.,m.,-V,.,M.—B.-VBE 


H*...m„.V„ll>--2£. 


FIGURE 13-VCC MONITOR 
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TYPES TL431M, TL431I, TL431C 
ADJUSTABLE PRECISION SHUNT REGULATORS 


D2410, JULY 1978-REVISED DECEMBER 1982 


Equivalent Full-Range Temperature 
Coefficient... 30 ppm/°C Typ 


Temperature Compensated for Operation Over 
Full Rated Operating Temperature Range 


Adjustable Output Voltage 


Fast Turn-On Response 
' 


Sink Current Capability ... 1 mA to 100 mA 


Low (0.2-12 Typ) Dynamic Output Impedance 


Low Output Noise Voltage 


description 


The TL431 is a three-terminal adjustable regulatorserieswith guaranteedthermal stability over applicabletemperature 
ranges. The output voltage may be set to any value between Vref (approximately 2.5 volts) and 36volts with two 
external resistors (see Figure 16). These devices have a typical dynamic output impedance of 0.2 £2. Active output 
circuitry provides a very sharp turn-on characteristic, making these devices excellent replacements for zener diodes in 
many applications. 


The TL431M is characterized for operation over the full militarytemperature rangeof -55 C to 125 C. The TL4311 is 
characterized for operation from -40°C to 85°C. and the TL431Cfrom 0 C to 70 C. 


terminal assignments 
TL431M . . JG 
TL431I. TL431C ... LP 
TL431I. TL431C . . . P 
DUAL-IN-LINE PACKAGE 
SILECT PACKAGE 
DUAL-IN-UNE PACKAGE 


(TOP VIEW) 


CATHODE£ 
NCC 
NCC 
NCQ 


2 
> 
7 


3 
6 


5 


Href 
Hnc 
3 ANODE 
INC 


W 


NC-No internal connection 
schematic 


Componont vnluos ore nominal. 


(TOP VIEW) 
(TOP VIEW) 


CATHODEQ 
NCC 
NCC 
NCC 


TJ! 


7 


6 


1REF 
INC 
3 ANODE 
INC 


functional block diagram 


ANODE- 
(A) 


REFERENCE (R) 
* 
CATHODE 


(K) 
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TYPES TL431NI, TL431I, TL431C 
ADJUSTABLE PRECISION SHUNT REGULATORS 


absolute maximum ratings overoperatingfree-air temperaturerange (unless otherwise noted) 


Cathode voltage (see Note 1) 
37 y 
Continuous cathode current range 
—100 mA to 150 mA 
Reference inputcurrent range 
_50/jA to 10 mA 
Continuous power dissipation at (or below) 25°C free-air temperature (see Note 2):JGpackage 
1050 mW 
LP package 
775 mW 
P package 
1000 mW 
Operatingfree-airtemperature range: TL431C 
0°C to 70°C 
TL431I 
-40°Cto85°C 
TL431M 
-55°Cto125°C 
Storage temperature range 
—65°Cto150°C 
Leadtemperature 1,6 mm (1/16 inch) fromcasefor 60 seconds: JG package 
300°C 
Lead temperature 1,6mm (1/16 inch) from case for 10seconds: LP or P package 
260°C 


NOTES: 
1. Voltage values are with respect to the anode torminal unless otherwise noted. 
2. For operation above 25 C free-air temporaturo. refor to the Dissipation Derating Table. 


DISSIPATION DERATING TABLE 


JG 


LP 


P 


POWER 


RATING 


DERATING 
ABOVE 


FACTOR 
TA 


1050 mW 
8.4 mW/°C 


775 mW 
6.2 mW/°C 


1000 mW 
8.0mW/°C 


25° C 


25°C 


25° C 


recommended operating conditions 


MIN 
MAX 
UNIT 
Cathode voltage, Vka 
Vref 
36 
V 
Cathode current, Ik. (for regulation) 
1 
100 
mA 
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electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER 
TEST 


CIRCUIT 


TL431M 
TL4311 
TL431C 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Vro, 
Reference input voltage 
1 
VKA = Vre{, lK = 10mA 
2440 2495 
2550 2440 2495 2550 2440 2495 
2550 
mV 


vref(dev) 
Deviation of reference input voltago 
over full temperature ranget 
1 
VKA =vref- 'K =10mA- TA =,u" 'anget 
22 
44 
15 
30 
8 
17 
mV 


AV,e, 


•iVKA 


Ratio of change in reference input 


voltage to the change in cathode voltage 
2 
l« = 10 mA 
AVKA - io V - Vref 
-1.4 
-2.7 
-1.4 
-2.7 
-1.4 
-2.7 
mV 


V 
AVKa = 36 V- 10 V 
-1 
-2 
-1 
-2 
-1 
-2 


lref 
Reference input current 
2 
lK • 10 mA, 
Rl • 10 kP., 
R2 = ~ 
2 
4 
2 
4 
2 
4 
uA 


'rol(dev) 
Deviation of reference input current 
over full temperature ranget 
2 
lK • 10 mA. 
R1 - 10 kn. R2= - 
TA 
full range1 
1 
3 
0.8 
2.5 
0.4 
1.2 
pA 


'min 
Minimum cathode current for regulation 
1 
VKA " Vref 
0.4 
1 
0.4 
1 
0.4 
1 
mA 


'off 
Off-state cathode current 
3 
VKA ° 36 V. Vref - 0 
0.1 
1 
0.1 
1 
0.1 
1 
UA 


l^kal 
Dynamic impedance§ 
1 
VKA = vref- 'k = ! mA ,0 10° mA 


f < 
1 kHz 
0.2 
0.5 
0.2 
0.5 
0.2 
0.5 
n 


'Full temperature range is-55°C to 125°C for theTL431M. -40"C to 85°C for theTL431l. and 0°C to 70°C for tho TL431C. 
tTho doviation paromotors Vrof(dov) and lrof(dov) orG defined as tho differences between tho maximum and minimum values obtainod ovor tho ratedto 
equivalent full-rango temperaturo coefficient of tho reference input voltage. r»Vref. isdofinod as: 


/ 
vrof(dev) 
\ 
|/ppm\ 
\vr8(@25c/ 


whoro ATA is the rated operating free-air tomporaturo range of tho dovico. 


oVr8( can be positive or nogativo depending on whether minimum V,„| or maximum Vrof, respectively, occurs at tho lower temperature (see Figure 8). 


example: Max Vrof =2500mV i3> 30°C. Min Vre< » 2492 mV @0°C, V,ef- 2495mV <s> 25°C. ATA - 70°C forTL431C 


\ 2495 i 
"Vref "- 
/i 


Because minimum Vre) occurs at tho lowor temperature, tho cooff icient is positi 


§Tho dynamic impedanco is defined as: 


Max Vref 
_ 


Min Vre( 


X 10* 
= 46 ppm/°C 


Al K 


When the device is operated with two oxtornal rosistors (see Figure 2). tho total dynamic impedance of the circuit is given by: 
AV 
I 
I / 
R1 \ 


Voltage Regulators 


iperoturo range. Tho 


CO 


J* 
CO 


33 "< 
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"O 
o 
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33 *» 
m 
" 
G3 Zt 


O 
CO 


<o_ 
r* 
03 
CD 
CD 


73 
CD 
CQ 
C 


03 


If) 


TYPES TL431M, TL431I, TL431C 
ADJUSTABLE PRECISION SHUNT REGULATORS 


PARAMETER MEASUREMENT INFORMATION 


INPUT O 
VW 
-O VKA 
INPUT o 
VvV 


|.K 


Vref 
1 
.. 


| 
60 
.3 


CATHODE CURRENT 


CATHODE VOLTAGE 


Vka 
Vr.1 
Ta- S'C 


y 
/// 


: -25 
X 
" -50 


-75 


-100-2-10133 
VKA-Cathoda VoIUbo-V 


FIGURE4 


OFF STATE CATHODE CURRENT 


FREE-AIR TEMPERATURE 


\ i 


v* 
v. 
1 
I 


1 


1 


*•7 


-76 -50 -25 
0 
2S 
50 
75 
100 125 
TA-F'*t-Air Tamparatu>t-''C 


1" 


•ref 
—F 
Vref 
*—< 


-ovKA 
INPUT O 
VvNr 


VKA " VrefV+-) 
ref"' 


FIGURE 1-TEST CIRCUIT FOR VKA =Vref 
FIGURE 2-TEST CIRCUIT FOR VKA > Vref 
FIGURE 3-TEST CIRCUIT FOR l0« 


TYPICAL CHARACTERISTICS 


•CvD 


< 
GOO 


a 400 


T»0 


CATHODE CURRENT 


CATHODE VOLTAGE 


VKA 
TA. 
•V.,l 
25"C 


lm"^ 


' 


yKA-CatHodp Voluga-V 


FIGURE5 


NOISE VOLTAGE 


FREQUENCY 


10 
40 
100 
400 1 k 
4 k 10 k 
40 fc100 k 
l-Frtqiiancy-Hx 
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TYPES TL431M, TL431I. TL431C 
ADJUSTABLE PRECISION SHUNT REGULATORS 


TYPICAL CHARACTERISTICS 


REFERENCE INPUT VOLTAGE 


vs 
FREE-AIR TEMPERATURE 
2600 


2580 h 


2560 


2540 


2520 


- 
2500 
0) 
I 
2480 


2460 


2440 


2420 


2400 


I 
I 
VKA = Vref 
lK = 10m A 
Vref = 2550 mVt 


™wt. 


, 
^ 


\ 'ref = 2440 mVt 


-75 -50 -25 
0 
25 
50 
75 
100 
125 


Ta—Free-Air Temperature- C 


CHANGE IN REFERENCE INPUT VOLTAGE 


vs 


CATHODE VOLTAGE 
\ 
Ik 
i 
= 10 mA 
\ 


Ta - 25 


\ 
\ 


\ 


\ 


tt 
3 


E 
2 


£ 
1 


REFERENCE INPUT CURRENT 


vs 


FREE-AIR TEMPERATURE 


R1 


R2 


_IK = 


I 
« lOkii 


10 mA 


-75 
-50 -25 
0 
25 
50 
75 
100 
125 


Ta—Free-Air Temperature— C 


FIGURE 9 


DYNAMIC IMPEDANCE 


vs 
FREE-AIR TEMPERATURE 
0.3 


0.25 


0.2 


0.15 


0.11- 


VKA = Vref 
l«= 1 mA to 100 mA 


0.05 


> 
0 
b 


0> 


— 
-5 


a-* 


o 
> 
-10 


3 
a. 
c 
-15 


c 
-20 


rr 
-25 


-30 
£ 
(J 
I 
-35 


> 
< 
-40 
0 
5 
10 
15 
20 
25 
30 
35 
40 
VKA-Cathode Voltage-V 


FIGURE 10 


Isfor devices havingthe indicated value of Vre| at lK • 10 mA, TA - 25°C. 
'Oata 


-75 -50 
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TYPES TL431M, TL431I, TL431C 
ADJUSTABLE PRECISION SHUNT REGULATORS 


TYPICAL CHARACTERISTICS 


I" 
E 
4 


DYNAMIC IMPEDANCE 


FREQUENCY 


•••• 
25*C 


lllili i 
lk 
10k 
100k 
IM 
10M 


FIGURE 12 


SMALL-SIGNAL VOLTAGE AMPLIFICATION 


FREQUENCY 


10k 
100k 
f-Frtnuancv-Hj 


PULSE RESPONSE 


ta- 26 • 


INPUT 


OUTPUT 
( 


0 
12 
3 
4 
5 
6 
7 


,_T,m«-iit 


O OUTPUT 


K\J) |50" Ji 
-OGND 


TEST CIRCUIT FOR DYNAMIC IMPEDANCE 


OOUTPUT 


OGND 


TEST CIRCUIT FOR VOLTAGE AMPLIFICATION 


INPUT 


MONITOR 


220 n 


PULSE 
GENERATOR 


f = 100 kHz 
\ \ 


> 
• 
1 
—K >— 
OGND 


TEST CIRCUIT FOR PULSE RESPONSE 
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TYPES TL431M, TL431I, TL431C 
ADJUSTABLE PRECISION SHUNT REGULATORS 


TYPICAL CHARACTERISTICS 


1 1 
1 


—i i— 
ison 


•j 
r 


+_ 
P°L 


i. 
cl; 


R1 - 
io kn 


C vrcf 


R2V 


ison 
-Vv\ 
1 
r 
% 


t 


TEST CIRCUIT FOR CURVE A BELOW 
TEST CIRCUIT FOR CURVES B, C, AND D BELOW 


STABILITY BOUNDARY CONDITIONS 


100 


90 


80 


70 


60 


50 


40 


30 


20 


10 


A VKA = Vref 
hB Vka=5V@Ik= 10mA 
_C VKA=10V@lK=10mA 
D V«A= 15V@Ik= 10mA 


STABLE 


TA=25°C 


0 
10 pF 
100 pF 
1000 pF 
0.01 mF 
0.1 pF 


C|_-Load Capacitance 


FIGURE 15 


1/iF 
10/iF 


•The areas under the curvos 
to establish tha Initial VKA 


: conditions that may 
c 
fidltlons with CL - 0. V< 


use tho 


indC, 


dilate. For c 


ustod to dote 


B. C. and D. 
R2 and V+ 


o the ranges of stability. 


v>o—w»- 


/i'Rl 


V0ut 
—o 


TYPICAL APPLICATIONS 


v+O- 


OUTPUT 
—o 
Von « 2 V 
'on 
0.01 
Vis/ 


I 
I 
I 
-i- 
'-(^rTK' 


INPUT 
O 
Wi— 


V(th)«» 2.5 V 
r^ 


VoffV* 


GND 
—o 


FIGURE 16-SHUNT REGULATOR 
FIGURE 17-SINGLE-SUPPLY COMPARATOR 
WITH TEMPERATURE- 
COMPENSATED THRESHOLD 
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FIGURE 18-SERIES 
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TYPES TL431M, TL431I, TL431C 
ADJUSTABLE PRECISION SHUNT REGULATORS 


TYPICAL APPLICATIONS 


V^O 
Wv- 


ov0 
•/ 


f 
f-OV^, 
VtO-0\p- 


f€> 


•x 
m 


Vput-Varff.+jg) 


Min Vou, - Vra, + 5 V 
out 
^ 
R2y ret 
Vnmit-^^Jv.e, 


FIGURE 19- OUTPUT CONTROL OF A 
THREE-TERMINAL 


FIXED REGULATOR 


FIGURE 20-HIGHER-CURRENT 
SHUNT REGULATOR 


FIGURE 21-CROW BAR 


V, O 


OUTPUT ON 
WHEN 


L0VV <V*< HIGH 
LIMIT ^V+^ LIMIT 


R1B\ 
Low limit. Vrc( ^l+nSj+VBE 


Wghlimit-V,,, (l*£^) 


FIGURE 22-OVERVOLTAGE/UNDER-VOLTAGE 


PROTECTION CIRCUIT 


•Wv 


Vref 
'^""icl 


FIGURE 25-CURRENT LIMITER OR 


CURRENT SOURCE 


Delay = R-C-ln 
(V+) - Vref 


FIGURE 24-DELAY TIMER 


v+ o 


R1A 


"CL 


LEDONWHEN 
(R1A\ 
, , 
1 
LOW 
<v+< HIGH 
R2A/ 
LIMIT 
LIMIT 


FIGURE 23-VOLTAGE MONITOR 


FIGURE 26-CONSTANT-CURRENT SINK 
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LINEAR 
INTEGRATED 
CIRCUITS 


TYPES TL493, TL494, TL495 
PULSE-WIDTH-MODULATION CONTROL CIRCUITS 


D2535, JANUARY 1983-REVISED SEPTEMBER 1983 


Complete PWM Power Control Circuitry 


Uncommitted Outputs for 200-mA Sink or 
Source Current 


Output Control Selects Single-Ended or 
Push-Pull Operation 


Internal Circuitry Prohibits Double Pulse at 
Either Output 


Variable Dead-Time Provides Control Over 
Total Range 


Internal Regulator Provides a Stable 5-V 
Reference Supply Trimmed to 1% 


Circuit Architecture Allows Easy 
Synchronization 


TL493 Has Output Current-Limit Sensing 


TL495 Has On-Chip 39-V Zener and 
External Control of Output Steering 


description 


The TL493. TL494, and TL495 each incorporate on 
a single monolithic chip all the functions required in 
the construction of a pulse-width-modulation control 
circuit. Designed primarily for power supply control, 
these devices offer the systems engineer the flexibility 
to tailor the power supply control circuitry to his 
application. 


The TL493 contains an error amplifier, current-limiting 
amplifier, an on-chip adjustable oscillator, a dead-time 
control comparator, pulse-steering control flip-flop, a 
5-volt, 1%-precision regulator, and output-control 


circuits. 


The error amplifier exhibits a common-mode voltage 
range from -0.3 volts to Vcc _ 2 volts. The current- 
limit amplifier exhibits a common-mode voltage range 
from -0.3 volts to 3 volts with an offset voltage of 
approximately 80 millivolts in series with the inverting 
input to ease circuit design requirements. The dead- 
time control comparator has 
a 
fixed offset that 
provides approximately 5% dead time when externally 
altered. The on-chip oscillator may be bypassed by 
terminating Rj (pin 6) to the reference output and 
providing a sawtooth input to Ct (pin 5), or it may 
be used to drive the common circuits in synchronous 
multiple-rail power supplies. 


TL493C . . . N 


DUAL-IN-LINE PACKAGE (TOP VIEWI 


ERROR/" NONINV INPUTQi Ui6 
AMP1 | 
INV INPUTS 
hNONINV INPUT"1 CURRENT 
DlNV INPUT 
f LIMIT AMP 
1REFOUT 
TOUTPUTCONTROL 
FEEDBACKC3 
DEAD-TIME CONTROL^ 4 
CtCs 
12DVCC 
RTC6 
11 TC2 
GNDC7 
ioDE2 
ci[b. 
9 Dei 


TL494M ... J 


TL494I, TL494C ... J OR N 


DUAL-IN-LINE PACKAGE (TOP VIEW) 
error/noninv inputp 
amp1 "^ 
invinputc 
feedback^" 
dead-time controlc 
CtC 
RtC 
gndC 
cC 


TJT, hNONINV INPUT"1 ERROR 
DlNV INPUT 
JAMP2 
]REFOUT 
^OUTPUT CONTROL 
DVcc 
:c2 
]E2 
:ei 


TL495C . . . N 


DUAL-IN-LINE PACKAGE (TOP VIEW) 
ERROR,/NONINV INPUTdTXTiIhNONINV INPUTl ERROR 
AMP1 
\ 
INVINPUTL"2 
17 TlNV INPUT 
J AMP 2 
FEEDBACK^ 
DEAD-TIME CONTROL^ 4 
CTC 5 
R-rCe 
gndC ' 
ClfjB 
ElC 9 


16TREFOUT 
!5l|VZ 
14^OUTPUT CONTROL 
13 TSTEERING INPUT 
12TVCC 
11 1C2 
_10TE2 


DEVICE TYPES. SUFFIX VERSIONS, AND PACKAGES 


TL493 
TL494 
TL495 


TL49-M 


TL49-I 


TL49-C 
N 


J 


J.N 


J.N 
N 


i not defined by this data sheet. 


FUNCTION TABLE 


INPUTS 


OUTPUT FUNCTION 
OUTPUT 


CONTROL 


STEERING 


INPUT 


(TL495 only) 
V| < 0.4 V 


V| 2 2.4 V 


V| a 
2.4 V 


V| a 
2.4 V 


Open 


Open 


V| < 0.4 V 


V| > 2.4 V 


Single-ended or parallel output 
Normal push-pull operation 


PWM Output at Q1 


PWM Output at Q2 


CO 


Copyright © 1983 by Texas Instruments Incorporated 
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TYPES TL493, TL494, TL495 
PULSE-WIDTH-MODULATION CONTROL CIRCUITS 


description (continued) 


The uncommitted output transistors provide either common-emitter or emitter-follower output capability. Each device 
provides for push-pullor single-ended output operation, which may be selected through the output-control function. 
The architecture of these devices prohibits the possibilityof either output being pulsed twice during push-pull operation. 


The TL493 and TL494 are similar except that an additional error amplifier is included in the TL494 instead of a current- 
limiting amplifier. The TL495 providesthe identical functionsfoundinthe TL494. Inaddition, it contains an on-chip 
39-volt zener diode for high-voltage applications where Vcc 's greater than 40 volts, and an output-steering control 
that overrides the internal control of the pulse-steering flip-flop. 


The TL494M is characterized for operation over the fullmilitarytemperature range from - 55 °C to 125°C. The TL494I 
is characterized for operation from - 25 °C to 85 °C. The TL493C, TL494C. and TL495C are characterized for operation 


from 0°C to 70°C. 


functional block diagram 


RT- 


CT- 


- 
0.1 V 
DEAD 
TIME 
1 


NONINVERTING 
INPUT 


INVERTING . 
INPUT 


NONINVERTING J_ 
INPUT 


OSCILLATOR 


| 
tl494 and tl495 _j 
[""curren~l]miT 
noninverting i 
amplifier 


INPUT 
INVERTING J_ 
INPUT 
| 


• 0.08 V 


[ 
TL493_qNLY_ 


6-108 


STEERING INPUT 
[ OUTPUT CONTROL 
i 
TL495 ONLY 
I 
I (SEE FUNCTION TABLE), 
I(SEE FUNCTION TABLE) | 
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TYPES TL493, TL494, TL495 
PULSE-WIDTH-MODULATION CONTROL CIRCUITS 


absolute maximum ratings over operating free-air temperature range 
(unless otherwise noted) 


TL494M 
TL494I 


TL493C 


TL494C 


TL495C 


UNIT 


Supply voltage, Vcc 'see Note 1) 
41 
41 
41 
V 


Amplifier input voltages 
VCC+ 0.3 
VCc+ 0.3 
VCC+ 0-3 
V 


Collector output voltage 
41 
41 
41 
V 


Collector output current 
250 
250 
250 
mA 


Continuous total dissipation at (or below) 


25 °C free-air temperature (see Note 2) 
1000 
1000 
1000 
mW 


Operating free-air temperature range 
-55 to 125 
-25 to 85 
0 to 70 
°C 


Storage temperature range 
-65 to 150 
-65 to 150 
-65 to 150 
°C 


Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package 
300 
300 
300 
°C 


Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N package 
260 
260 
°c 


NOTES: 1. 
All voltage values, except differential voltages, are with respect to the network ground terminal. 
2. 
For operation above 25°C free-air temperature, refer to Dissipation Derating Table. In the J package. TL494M chips are allov-mounted; TL494I 


and TL494C chips are glass mounted. 


DISSIPATION DERATING TABLE 


PACKAGE 
POWER 


RATING 


DERATING 


FACTOR 


ABOVE 
ta 
J (Alloy-Mounted Chip) 


J (Glass-Mounted Chip) 


N 


1000 mW 


1000 mW 


1000 mW 


11.0 mW/°C 


8.2 mW/°C 
9.2 mW/°C 


59 °C 


28 °C 


41 °C 


recommended operating conditions 


TL494M 
TL494I 


TL493C 


TL494C 


TL495C 


UNIT 


MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


Supply voltage, Vcc 
7 
40 
7 
40 
7 
40 
V 
1 
Amplifier input voltages, V| 
-0.3 
VCC-2 
-0.3 
VCC-2 
-0.3 
VCc 
2 
V 


Collector output voltage, Vq 
40 
40 
40 
V 


Collector output current (each transistor) 
200 
200 
200 
mA 


Current into feedback terminal 
0.3 
0.3 
0.3 
mA 


Timing capacitor. Cj 
0.47 
10 000 
0.47 
10 000 
0.47 
10 000 
nF 


Timing resistor, Rj 
1.8 
500 
1.8 
500 
1.8 
500 
kO 


Oscillator frequency 
1 
300 
1 
300 
1 
300 
kHz 
Operating free-air temperature, Ta 
-55 
125 
2 5 
85 
0 
70 
°C 


in 
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TYPES TL493, TL494, TL495 
PULSE-WIDTH-MODULATION CONTROL CIRCUITS 


electrical characteristics over recommended operating free-air temperature range, Vcc = 15 V, f = 10 kHz 
(unless otherwise noted) 


reference section 


PARAMETER 
TEST CONDITIONS' 
TL494M 


TL493C 


TL494I. TL494C 


TL495C 
UNIT 


MIN 
TYP: 
MAX 
MIN 
TYP5 
MAX 


Output voltage (Vre() 
lg = 1 mA 
4.75 
5 
5.25 
4.75 
5 
5.25 
V 


Input regulation 
Vcc = 7 V to 40 V 
2 
25 
2 
25 
mV 


Output regulation 
Iq = 1 to 10 mA 
1 
15 
1 
15 
mV 


Output voltage change 


with temperature 
ATA = MIN to MAX 
0.2 
1 
0.2 
1 
% 


Short-circuit output currents 
Vref = 0 
10 
35 
50 
35 
mA 


oscillator section (see Figure 1) 


PARAMETER 
TEST CONDITIONS' 
TL494M 


TL493C 


TL494I. TL494C 


TL495C 
UNIT 


MIN 
TYPS 
MAX 
MIN 
TYP: 
MAX 


Frequency 
Cj = 0.01 pF. 
Rt = 12 kf! 
10 
10 
kHz 


Standard deviation of frequency^ 
Allvalues of Vcc. CT- RT- TA constant 
10 
10 
% 


Frequency change with voltage 
Vcc = 7 V to 40 V. TA = 25°C 
0.1 
0.1 
% 


Frequency change with temperature 
CT - 0.01 pF, 
Rt = 12 kfl, 
ATa = MIN to MAX 
12 
12 
% 


amplifier sections (see Figure 2) 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP* 
MAX 
UNIT 


Input offsot voltage 


Error 
VO (pin3) = 2-5 V 


2 
10 


mV 
current-limit 


(TL493 only) 
80 


Input offset current 
V0 (pin 3) - 2.5 V 
25 
250 
nA 


Input bias current 
VO (pin 3) = 2-5 V 
0.2 
1 
("A 


Common-mode input 


voltage range 


Error 


Vcc = 7 V to 40 V 


to 


VCC"2 
V 


Current-limit 


(TL493 only) 


-0.3 


to 


3 


Open-loop voltage 


amplification 
AVo = 3 V, 
V0 = 0.5 V to 3.5 V 


70 
95 


dB 
Current-limit 


(TL493 only) 
90 


Unity-gain bandwidth 
800 
kHz 


Common-mode 


rejection ratio 


Error 
VCC - 40 V, 
TA = 25°C 


65 
80 


dB 
Current-limit 


(TL493 only) 
70 


Output sink current (pin 3) 
V|D = - 15 mV to - 5 V, V(pin 3) = 0.5 V 
0.3 
0.7 
mA 


Output source current (pin 3) 
V|D = 15 mV to 5 V. 
V(Din 3] - 3.5 V 
-2 
mA 


'For conditions shown as MIN or MAX, use the appropriate valuespecified underrecommended operating conditions. 
sAll typical values oxcept for parameter changes with temperature areat TA = 25°C 
/Tj 
'Duration ottheshort-circuit should not exceed one second. 
/ ^ 
*n 
^Standard deviation Is a measure ofthestatistical distribution about themean asderived from theformula o-y 
—- 
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TYPES TL493, TL494, TL495 
PULSE-WIDTH-MODULATION CONTROL CIRCUITS 


electrical characteristics over recommended operating free-air temperature range, Vcc 
(unless otherwise noted) 


output section 


15 V, f = 10 kHz 


PARAMETER 
TEST CONDITIONS 
TL494M 


TL493C 


TL494I. TL494C 


TL495C 
UNIT 


MIN 
TYP! 
MAX 
MIN 
TYP' 
MAX 


Collector off-state current 
VCe = 40 V. 
VCc = 40 V 
2 
100 
2 
100 
pA 


Emitter off-state current 
VCC = VC = 40 V. VE = 0 
-150 
-100 
pA 


Collector-emitter 


saturation voltage 


Common-emitter 
Ve =0, 
lc = 200 mA 
1.1 
1.5 
1.1 
1.3 
V 
Emitter-follower 
VC = 15 V. 
IE = -200 mA 
1.5 
2.5 
1.5 
2.5 


Output control input current 
V| = vro, 
3.5 
3.5 
mA 


dead-time control-section (see Figure 1] 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP' 
MAX 
UNIT 


Input bias current (pin 4) 
V| = 0 to 5.25 V 
-2 
10 
,.A 


Maximum duty cycle, each output 
V| (pin 4) = 0 
45 
% 


Input threshold voltage (pin 4) 
Zero duty cycle 
3 
3.3 
V 
Maximum duty cycle 
0 


pwm comparator section (see Figure 1) 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP' 
MAX 
UNIT 


Input threshold voltage (pin 3) 
Zero duty cycle 
4 
4.5 
V 


Input sink current (pin 3) 
V(pin3) = 0-7 V 
0.3 
0.7 
mA 


steering control (TL495 only) 


PARAMETER 
TEST CONDITIONS 
MIN 
MAX 
UNIT 


Input current 
V| = 0.4 V 
-200 
M 
V| = 2.4 V 
200 


zener-diode circuit (TL495 only) 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP' 
MAX 
UNIT 


Breakdown voltage 
Vcc = 41 V, 
lz = 2 mA 
39 
V 


Sink current 
V||pin 15) = 1 v 
0.3 
mA 


total device (see Figure 1] 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP' 
MAX 
UNIT 


Standby supply current 
Pin 6 at Vrof, 


All other inputs and outputs open 
Vcc - 
15V 
6 
10 
mA 
VCc = 40 V 
9 
15 


Average supply current 
V(pin4) = 2 V 
7.5 
mA 


switching characteristics, Ta •= 25°C 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP' 
MAX 
UNIT 


Output voltage rise time 
Common-omittor configuration. 
See Figure 3 


100 
200 
ns 


Output voltage fall time 
25 
100 
ns 


Output voltage rise time 
Emittor-follower configuration, 
See Figure 4 


100 
200 
ns 


Output voltage fall time 
40 
100 
ns 


'All typical values except for temperature coefficient aro at Ta • 
25°C. 
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TYPES TL493, TL494, TL495 
PULSE-WIDTH-MODULATION CONTROL CIRCUITS 


VOLTAGE 
ATC1 


VOLTAGE 
ATC2 


VOLTAGE 
ATCT 


DEAD-TIME 
CONTROL 
INPUT 


DUTY 
CYCLE 


PARAMETER MEASUREMENT INFORMATION 


TESTCIRCUIT 


OPEN)! 
LTL495 
OPEN./ONLY 


VOLTAGE WAVEFORMS 


FIGURE 1-OPERATIONAL TEST CIRCUIT AND WAVEFORMS 
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TYPES TL493, TL494, TL495 
PULSE-WIDTHMODULATION CONTROL CIRCUITS 


PARAMETER MEASUREMENT INFORMATION 


AMPLIFIER 
^UNDER TEST 
^vS 
^^^ 


FEEDBACK 
ty 
0 
y 


° TERMINAL 


£ 
° 
•f^N^ 


Mother 
amplifier 


FIGURE 2 - AMPLIFIERCHARACTERISTICS 


(EACH OUTPUT 
CIRCUIT) 


68 SJ. 
2W 


-OUTPUT 


_ _CL = 15pF 
(includes probe and 
jig capacitanco) 


TESTCIRCUIT 
OUTPUT VOLTAGE WAVEFORM 


FIGURE3 - COMMON-EMITTER CONFIGURATION 


(EACH OUTPUT 
CIRCUIT) 


V 


J -r 
CL=15pF 
(includes probe and 
jig capacitance) 


TESTCIRCUIT 


68 U. 
2W 
*-W 


OUTPUT VOLTAGE WAVEFORM 


FIGURE 4 - EMITTER-FOLLOWER CONFIGURATION 
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TYPES TL493, TL494, TL495 
PULSE-WIDTH-MODULATION CONTROL CIRCUITS 


typical characteristics 


OSCILLATOR FREQUENCY and 
FREQUENCY VARIATION vs 
TIMING RESISTANCE 


1k 
4k 
10k 
40 k 
100 k 


Rt—Timing Resistance-$2 


FIGURES 


400 k 
1M 


100 


90 


80 
oaI,o 


O 
'S 60 
_o 
t 
50 
E 
< 


OlI 30 


> 
20 


AMPLIFIER VOLTAGE AMPLIFICATION 


vs 


FREQUENCY 


1 
Vcc = 15 V 
\ 
AV0 = 3 V 
25°C 
- 
\ 


" TA 


\ 
\ 
\ 
\ 
\ 
\ 
\ 
10 
100 
1k 
10k 
f—Frequency—Hz 


FIGURE 6 


1M 


'Frequency variation (if) isthechange inoscillator frequency thatoccurs over thofull temperaluro range. 
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LINEAR 
INTEGRATED CIRCUITS 


TYPE TL496C 
9-VOLT POWER-SUPPLY CONTROLLER 


D2486. AUGUST 1978-REVISED AUGUST 1983 


• 
Internal Step-Up Switching Regulator 


• 
Fixed 9-Volt Output 


• 
Charges Battery Source During 
Transformer-Coupled-Input Operation 


• 
Minimum External Components Required 
(1 Inductor, 1 Capacitor, 1 Diode) 


• 
1- or 2-Cell-lnput Operation 


P DUAL-IN-LINE PACKAGE 


(TOP VIEW) 
FEEDBACKQl D 8QOUTPUT 
T2CC2 
7DGND 
INPUT<JlCC3 
6DSW 
[ 7C451GND 


Pins 5 and 7 are connected together internally. 


description 


The TL496 power supply control circuit is designed to provide a 9-volt regulated supply from a variety of input 
sources. Operable from a 1- or 2-cell-battery input, the TL496 performs as aswitching regulator with the addition of a 
single inductor and filter capacitor. When ac coupled with a step-down transformer, the TL496 operates as aseries 
regulator to maintain the regulated output voltage and, with the addition of a single catch diode, time shares to 


recharge the input batteries. 


The design of the TL496 allows minimal supply current drain during stand-by operation (125 uA typical). With most 
battery sources this allows aconstant bias to be maintained on the power supply. This makes power instantly available 
to the system thus eliminating power-upsequencing problems. 


functional block diagram 


(4) 
T INPUT 
-w 
1 


r 


9-V 
SERIES 
REGULATOR 
i 
! 


I 
> 
(6) 


l 


7 


SWITCH 
(3-V) 
(2) 
2C 
INPUT 
SWITCHING 
VOLTAGE 
REGULATOR 
CONTROL 
(1.5-V)(3) 
\ 


1C 
INPUI 


G 
(5) 
& 


MD 


ee Nc te 1 


G 


(7) 


VID 


NOTE 1:Pins 5and 7,though connected together internally, must both bo terminated toground to ensure propor circuit operation. 


in 


m 


3 
Ui 
d> 
CC 


0) 
Ui 
CO 
+-» 


o 
> 
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TYPE TL496C 
9-VOLT POWER-SUPPLY CONTROLLER 


absolute maximum ratings 


Input voltage: 
Pin2 
3.5V 
Pin3 
2.5V 
Pin4 
20 V 
Output voltage (Pin 6) 
12y 
Diode reverse voltage (Pin 8) 
12 V 
Switch current (Pin 6) 
1 2 A 
Diode current (Pin 8) 
12 a 
Operating free-air temperature range 
q°q t0 7fj°c 
Storage temperature range 
" .- 
-65°Cto150°C 
Lead temperature 1,6mm (1/16inch) from case for 10seconds 
260°C 


electrical characteristics at 25°C free-air temperature 


series regulator section (input is pin 4) 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP MAX 
UNIT 
Dropout voltage 
V|=5V. 
lo = -50mA 
1.5 
2 
V 


Regulated output voltage 
V| =20V 
lO " —50 pA 
9.5 
10.1 
11.2 


V 
lO = -80 mA 
9.0 10.0 
11.0 
V| =20V, 


Pin 1 shorted to pin 8 
lO = -50 uA 
8.5 
9.0 
9.7 
Iq " -80 mA 
6.7 
8.6 
9.5 
Standby current (pin 4) 
V| = 20V, 
Pin 8 at 12 V 
400 
"A 
Reverse current thru pin 4 
V| = -1.5 V, 
1 mA into Pin 8 
-25 
PA 


output switch 


PARAMETER 
TEST CONDITIONS 
MIN TYP MAX 
UNIT 
vCE(sat) Collector-emitter saturation voltage 
800 mA into Pin 6, 
Pin 2 at 2.25 V 
0.35 
0.6 
V 


diode (pin 6 to pin 8) 


PARAMETER 
TEST CONDITIONS 
MIN TYP MAX 
UNIT 
Vp 
Forward voltage 
lp = 1.5 A 
1.6 
2.5 
V 
|R 
Reverse current thru pin 6 
Pin 6 at 0 V, 
1 mA into Pin 8 
-20 
»JA 


control section 


PARAMETER 
TEST CONDITIONS 
MIN TYP MAX UNIT 
On-state current (pin 2) 
Pins 1 and 8 at 0 V. 
Pin 2 at 3 V 
60 
100 
Standby current (pin 1) 
Pin 1 at 8.65 V, 
Pins 2 and 6 at 3 V 
40 
MA 
Standby current (pin 2 and 6) 
Pin 1 at 8.65 V, 
Pins 2 and 6 at 3 V 
400 
PA 
Start-up current (current into 


pin 6 to initiate cycle) 
Pins 1.2, 6 and 8 at 2.25 V 
16 
mA 
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TYPE TL496C 
9-VOLT POWER-SUPPLY CONTROLLER 


TYPICAL APPLICATION DATA 


do; 


4> 


sw 
OUTPUT 


TL496 


FEEDBACK 


GND 
GND 
s 


-<•> 


FIGURE 1-ONE-CELL OPERATION 


L 


CIRCUIT COMPONENT INFORMATION 


D1: 1N4001 


Cp: 330 to 470 pF. 10 V, electrolytic 


L: 40 to 50 uH, Q •» 3, R < 0.15 n 
TV.Vsoc" 6.8 V RMStyp., R^c "11" typ. 


\ 


— 
OUTPUT 


CF 


CIRCUIT COMPONENT INFORMATION 


D1: 1N40O1 
Cp: 330 to 470uF. 10 V electrolytic 


L: 40to50uH. Q* 3. R <0.15n 
T1: Vsec =6.8 V RMS typ., Rsec • 11fl typ. 
-® 
OUTPUT 


Dl2k 


4>J- 


recommended operating conditions 


•©- 
T 
FEEDBACK 
GND 
GND 
d) 5 


FIGURE 2-TWO-CELL OPERATION 


Input voltage, one-cell operation (pins 2 and 3 to ground) 
Input voltage, two-celloperation (pin 2 to ground) 
Input voltage, one-cell or two-cell operation (pin 4 to ground) 


CF 


V0+2 


typical electrical characteristics for circuits above 


PARAMETER 
ONE-CELL OPERATION (FIGURE 1) 
TWO-CELL OPERATION (FIGURE 2) 


Input current 
No load 
125uA 
125 uA 


RL • 120 1! 
525 mA 
405 mA 


Output voltage 
Without Tl 
7.2 V 
8.6 V 


WithTI 
8.6 V 
10 V 


Output current capability 
40 mA 
80 mA 


Efficiency 
66% 
66% 


Battery life (AA NiCad) no load 
60 days 
166 days 
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TYPE TL496C 
9-VOLT POWER-SUPPLY CONTROLLER 


functional description 


The TL496 is designed tooperate from either a single-cell or two-cell source. To operate the device from asingle cell 
(1.1 Vto 1.5 V) the source must be connected to both inputs IC and 2C as shown in Figure 1. For two-cell operation 
(2.3 Vto3.0 V), the input is applied to the 2C input only and the 1C input is left open (see Figure 2). 


battery operation 


The TL496 operates as aswitching regulator from abattery input. The cycle is initiated when alow voltage condition is 
sensed by the internal feedback (the thresholds at pin 1and pin 8are approximately 7.2 and 8.6 volts respectively). An 
internal latch is set and the output transistor is turned "on." This causes the current in the external inductor (L) to 
increase linearly until it reaches a peak value ofapproximately 1ampere. When the peak current is sensed the internal 
latch is reset and theoutput transistor is turned "off."The energy developed intheinductor is then delivered to the 
output storage capacitor through the blocking diode. The latch remains in the off state until the feedback signal 
indicates the output voltage is again deficient. 


transformer-coupled operation 


The TL496 operates on alternate half cycles of the ac input during transformer-coupled operation to, first, sustain the 
output voltage and. second, recharge the batteries. The TL496 performs like a series regulator tosupply charge tothe 
output filter/storage capacitor during the first half cycle. The output voltage of the series regulator is slightly higher 
voltage than that created by the switching circuit; this maintains the feedback voltage above the switching regulator 
control circuit threshold. This effectively inhibits the switching control circuitry. During the second half cycle an 
external diode (1N4001) is used to clamp the negative going end of the transformer secondary to ground thus allowing 
^ 
the positive-going end (end connected to V+ side of battery) to pump charge into the stand-by batteries. 
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LINEAR 
INTEGRATED CIRCUITS 


All Monolithic 


High Efficiency ... 60% or Greater 


Output Current... 500 mA 


Input Current Limit Protection 


TTL Compatible Inhibit 


Adjustable Output Voltage 


Input Regulation ... 0.2% Typ 


Output Regulation . .. 0.4% Typ 


Soft Start-up Capability 


description 


TYPES TL497AM, TL497AI, TL497AC 
SWITCHING VOLTAGE REGULATORS 


D2225. JUNE 1976-REVISED SEPTEMBER 1983 


TL497AM ... J 
TL497AI, TL497AC ... J OR N 


DUAL-IN-LINE PACKAGE 


(TOP VIEW) 


COMP INPUT [1 Ul4 
INHIBIT £ 2 
13 
FREQ CONTROL £ 3 
12 
SUBSTRATE £ 4 
11 
GND £ 5 
10 
CATHODE £ 6 
9 
ANODE £ 7 
8 


3 vcc 
] CUR LIM SENS 
3 BASE DRIVE* 
3 BASE* 
3 COLOUT 
3 NC 
3 EMIT OUT 


NC-No internal connection 


1Tho Bdso pin I#111 ond Boso Drivo pin I#121 areused for device testing 
onlv. Thoy aronotnormally usod incircuit applications ofthedevice. 


The TLC497A incorporates on asingle monolithic chip all the active functions required in the construction of aswitching 
voltage regulator. It can also be used as the control element to drive external components for high-power-output 
applications. The TL497A was designed for ease of use in step-up. step-down, or voltage inversion applications requiring 


high efficiency. 


The TL497A is a fixed-on-time variable-frequency switching voltage regulator control circuit. The on-time is 
programmed by asingle external capacitor connected between the frequency control pin and ground. This capacitor, 
CT is charged by an internal constant-current generator to apredetermined threshold. The charging current and the 
threshold vary proportionally with VCC. thus the one time remains constant over the spec.f.ed range of input voltage 
(5to 12volts). Typical on-times forvarious values ofCt are as follows: 


TIMING CAPACITOR, CT (pF) 


ON-TIME Ilia) 


200 


19 


250 


22 


350 
400 
500 


26 
32 
44 


750 
1000 
1500 
2000 


50 
80 
120 
180 


The output voltage is controlled by an external resistor ladder network (R1 and R2 In Figures 1. 2. and 3) that provides 
a feedback voltage to the comparator input. This feedback voltage is compared to the reference voltage of 1.2 volts 
(relative to the substrate pin) by the high-gain comparator. When the output voltage decays below the value «|Uhwl1» 
maintain 12Vat the comparator input, the comparator enables the oscillator circuit, which charges and discharges Ct 
as described above. The internal pass transistor is driven on during the charging of CT. The internal transistor may be 
used directly for switching currents up to 500 miliiamperes. Its collector and emitter are uncommitted and «IS current 
driven to allow operation from the positive supply voltage or ground. An internal Schottky diode matched to tha 
current characteristics of the internal transistor is also available for blocking or commutating purposes. The TL497A 
also has on-chip current-limit circuitry that senses the peak currents in the switching regulator and protects the inductor 
against saturation and the pass transistor against overstress. The current limit is adjustable and is programmed by a 
single sense resistor, RCL. connected between pin 14 and pin 13. The current-limit circuitry is activated when 07volt 
is developed across RCL- External gating is provided by the inhibit input. When the inhibit input is h.gh, the output is 


turned off. 
Simplicity of design is a primary feature of the TL497A. With only six external components (three resistors, two 
capacitors, and one inductor), the TL497A will operate in numerous voltage conversion applications (step-up step- 
down, invert) with as much as 85% of the source power delivered to the load. The TL497A replaces the TL497 in all 


applications. 
The TL497AM is characterized for operation over the full military temperature range of -55°C to 125°C, the TL497AI 
ischaracterized for operation from -25°Cto 85°C, and the TL497AC from 0°C to 70 C. 


CO 
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TYPES TL497AM, TL497AI, TL497AC 
SWITCHING VOLTAGE REGULATORS 


functional block diagram 


BASE DRIVE 
(12)t 


CUR LIM SENS 


FREQ CONT 


COMP INPUT 


(13) 
CURRENT 


LIMIT 


SENSE 
OSCIL 
LATOR 
(3) 


I2I 


(1) 
r\[^ 
(4) 
1.2 V 
REF 
SUBSTRATE 
EMIT OUT 


CATHODE 
(61 
T* 
(7) 


'The Base pin I»11 and Base Drive pin If121 are used for device testing only. They are not normally used in circuit applications otthe device. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Input voltage, Vcc (see Note 1) 
15 V 
Output voltage 
35 V 
Comparator input voltage 
5 V 
Inhibit input voltage 
5 V 
Diode reverse voltage 
35 V 
Powerswitch current 
750 m/± 
Diodeforward current 
750 mA 
Continuous total dissipationat (or below) 25°C free-air temperature (seeNote 2) 
1000 mW 
Operating free-air temperature range: TL497AM 
—55°Cto125°C 
TL497AI 
-25°Cto85°C 
TL497AC 
0°Cto70°C 
Storage temperature range 
-65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package 
300°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N package 
260°C 


NOTES: 1. All voltage values except diode voltages arewith respect tonetwork ground terminal. 
2. Above 28 °C free-air temperaturo. derate the Npackage attho rate of 9.2 mW/'C. Above 41 °C free-air temperature, derate the Jglass-mounted 
package at therateof 8.2 mW/°C. Above 59°Cfroe-air temperature, derate theJ alloy-mounted package at therateof 11.0mW/'C.Inthe 
J package,TL4974AM chips are alloy mounted. TL4974AC chipsare glass mounted. 


recommended operating conditions 


MIN 
Input voltage,V| 
45 
Output voltage: step-up configuration (see Figure 1) 
V| +2 
step-down configuration (see Figure 2) 
Vref 
invertingregulator (see Figure3) 
-Vref 
Power switch current 
; 
Diode forward current 
.... 


MAX 
UNIT 


12 
V 
30 
V 
V|-1 
V 
-25 
V 


500 
mA 
500 
mA 
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TYPES TL497AM, TL497AI, TL497AC 
SWITCHING VOLTAGE REGULATORS 


PARAMETER 
TEST CONDITIONS* 
TL497AM, TL497AI 
TL497AC 
UNIT 
MIN 
TYP' 
MAX 
MIN 
TYPt 
MAX 


High-level inhibit input voltage 
25 C 
2.5 
2.5 
0.8 
V 
Low-level inhibit input voltage 
V|(|) = 5V 
Full range 
0.8 
1.5 
0.8 
1.5 
mA 


Low-level inhibit input current 
V„|,=OV 
Full range 
5 
20 
1.20 
1.32 
V 


Comparator input bias current 
V| = 6 V 
Full range 
40 
100 
40 
100 
uA 


Switch on-state voltage 
V| = 4.5V 
In • 500 mA 
Full range 
1 
0.85 
V 


Switch off-state current 
V| - 4.5 V, 
V0 " 30 V 
Full range 
500 
200 
^A 


Vj " 6 V 
25" C 
0.45 
0.45 


Diode forward voltage 
lO • 10 mA 
Full range 
0.75, 
0.95 
V 
Ig - 100 mA 
i-ull r.inc]'' 
0.9 
1.1 
1.33 
1.55 


Diode reverse voltage 
lO = 500uA 
Full ranq.' 
Full range 
30 
30 
V 


On-state supply current 
25 C 
Full range 


11 
14 


16 


11 
14 


15 
mA 


Off-state supply current 
25'C 
6 
9 
6 
mA 
Full range 
11 
10 


' Full range for TL497AM is -55°C to125°C. for TL497A1 is -25°C to 85°C. and for TL497AC is 0°C to 70°C. 
1All typical values are at TA = 25°C. 
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TYPES TL497AM, TL497AI, TL497AC, 
SWITCHING VOLTAGE REGULATORS 


TYPICAL APPLICATION DATA 


BASIC CONFIGURATION 
(IpK < 500 mA) 


£,-: 


EXTENDED POWER CONFIGURATION 
(USING EXTERNAL TRANSISTOR) 


DESIGN EQUATIONS 


"vo" 
IPK = 2 Iq max 
V| 
' L<'jH» =f^ton(^) 


Choose L (50 to 500 pH), calculate 
ton (25 to 150 us) 


• 
CT(pF)^ 12 ton(/is) 


• 
Rl = (Vo- 1.2) k£2 


0.5 V 
RCL = 
IPK 


V| 
— 
Ipk + lO 
VQ 
CF (/iFj*ton(/is).i. 
Vripple (PK) 


FIGURE 1-POSITIVE REGULATOR. STEP-UP CONFIGURATIONS 


BASIC CONFIGURATION 
IpK < 500 mA) 


TPS 


vmrvt_«_ovo 


ffii 
£ 


EXTENDED POWER CONFIGURATION 
(USING EXTERNAL TRANSISTOR) 


DESIGN EQUATIONS 


• 
IpK = 2 lo max 


V|-V0 
. 
L(/iH) = - 
-tonOis) 
'PK 


Choose L (50 to 500 fiH). calculate 
ton (10 to 150 ms) 


• 
C-r(pF)^ 12ton(us) 


• 
Rl = {Vo-1.2)k« 


0.5 V 
RCL = 
'PK 


V| 
rr~ 'pk+ 'o 
. 
CF(pF) * ton(ps) 
.VO 


Vripple (PK) 


FIGURE 2-POSITIVE REGULATOR. STEP-DOWN CONFIGURATIONS 
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TYPES TL497AM, TL497AI, TL497AC 
SWITCHING VOLTAGE REGULATORS 


TYPICAL APPLICATION DATA 


IVQl 
V| J 


£ 


BASIC CONFIGURATION 
(lp« <500mA) 


IpK = 2 Iq max 
1 + 


V| 
• 
L (mH) = — 
ton(us) 
IPK 


",o-frSz: 


Choose L (50 to 500 uH), calculate 
ton (25 to 150 ms) 


• 
CT(pF) = 12ton(Lis) 


• 
R2= (Vo- 1.2) kfl 


0.5 V 
RCL = 
"PK 


Cf OJF)* ton(Ms) 


— 
IPK+'O 
yo 


Vripple (PK) 


EXTENDED POWER CONFIGURATION 
*Use external catch-diode, e.g., 1N4001. when building an 
(USING EXTERNAL TRANSISTOR) 
inverting supply with the TL497A. 


FIGURE 3-INVERTING APPLICATIONS 


Qvo 


EXTENDED INPUTCONFIGURATION WITHOUT CURRENT LIMIT 


DESIGN EQUATIONS 


VBE(Q1) 
Rcl=- 
limit (PK) 


R1 — 
>B(Q2) 


R2= (Vreg-D 10kfi 


V| 


CURRENT LIMIT FOR EXTENDED INPUT CONFIGURATION 
FIGURE 4-EXTENDEDINPUT VOLTAGE RANGE (V| > 15V) 
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TYPE TL499C 
WIDE-RANGE POWER SUPPLY CONTROLLER 
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Internal Step-Up Switching Regulator 


Adjustable Output Voltage 


1.1-Volt to 25-Volt Input Switching 
Operation 


Thermal Protection During Switching 
Operation 


Externally Controlled Switching Current 


No External Rectifier Required 


description 


JG ORP 
DUAL-IN-LINE PACKAGE 


(TOP VIEW) 


LINE INPUT £ 
REFC 
BACKUP INPUT £ 
CURR CONT £ 


i U 8p OUTPUT 
2 
7 3 EMIT 
3 
6 1COL 
4 
5 iGND 


The TL499C is amonolithic integrated circuit designed to provide regulated supply voltages. The regulated 
voltage can be set to any value between 2.9 volts and 30volts by adjusting two external resistors. 
When the TL499C is ac coupled toline power through astep-down transformer, it operates as aseries 
dc voltage regulator to maintain the regulated output voltage. With the addition of a backup battery of 
from 1.1 volts to 25 volts, an inductor, a filter capacitor, and two resistors, the TL499C will operate as 
a step-up switching regulator during an ac line failure. 


The adjustable regulated output voltage makes the TL499C useful for awide range of applications Providing 
backup power during an ac line failure makes the TL499 extremely useful as backup power in microprocessor 
memory applications. 


The TL499C is characterized for operation from -20°C to 85 °C. 


PRODUCT PREVIEW 


This doeurrwnt comjku kitomwtton on • product undar 
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LINEAR 
INTEGRATED 
CIRCUITS 


TYPES TL580C 
MICROPOWER DUAL SWITCHING REGULATOR 


High Efficiency ... 80% Typ 


Low Bias Current ... 140 ^A 


Two Channels, Each with Output Voltage Adjustment 
Channel A: 
Output Voltage 2.5 V to 24 V 
Output Current 100 mA 
Channel B: 
Output Voltage 2.5 V to 24 V 
Output Current 1.8 mA 
Special Multifunctional Operation-Select Pin 


JG OR P 


DUAL-IN-LINE PACKAGE 


(TOP VIEW) 


INPUT B£\ 


D2723, MARCH 1983 


CtC 
1 KJ 8p OUTPUT B 
2 
7 3 INPUT A 
OUTPUT A£ 3 
GNDQ4 
6 3 SYNC B 
5] vcc 


description 
The TL580 is amonolithic, micropower, dual-switching regulator designed for use in battery applications. The output 
voltage of each channel is adjustable. Floating the special pin, SYNC B, causes Channel Bto be synchronized to the 
oscillator in the same manner as Channel A. Shorting SYNC Bto ground blocks the oscillator from Channel B. then 
Channel Bbecomes a single-input comparator for low-battery indicator detection. 
Both Channel Aand Channel Bare referenced to aband-gap generator. An external capacitor on the CT input (Pin 2) 
sets the oscillatorfrequency between 100 hertz and 160 kilohertz. 
The TL580C can attain up to 80-percent efficiency while operating over asupply voltage range of 2.4 volts to 30 volts 


at an ultralow bias current of 140 microamperes. 


The TL580Cis characterized for operation from 0°C to 70°C. 


functional block diagram (positive logic) 


Ct 
(21 


vcc- 
REF 
1.31 V 
i 


•=t> 


18) 


m 


m 


3 
TO 
03 
CC 


03 
TO 
CO 
*± 


O 
> 


PRODUCT PREVIEW 


Thta document contain* information on a product undo* 
development. Taias Initnjmanta reserve* tha rightto 
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LINEAR 
INTEGRATED 
CIRCUITS 


TYPES TL593, TL594, TL595 
PULSE-WIDTH-MODULATION CONTROL CIRCUITS 


Complete PWM Power Control Circuitry 


Uncommitted Outputs for 200-mA Sink or 
Source Current 
Output Control Selects Single-Ended or 
Push-Pull Operation 
a 
Internal Circuitry Prohibits Double Pulse at 
Either Output 
a 
Variable Dead-Time Provides Control Over 
Total Range 
a 
Internal Regulator Provides a Stable 5-V 
Reference Supply Trimmed to 1% 


a 
Circuit Architecture Allows Easy 
Synchronization 


a 
Under-Voltage Lockout for Low Vcc 
Conditions 
a 
TL593 has Output Current-Limit Sensing 
a 
TL595 has On-Chip 39-V Zener and External 
Control of Output Steering 
a 
Improved Direct Replacements for TL493, 
TL494, and TL495 


description 
The TL593, 
TL594, 
and 
TL595 
devices, 
each 
incorporate ona single monolithic chipall thefunctions 
required in the construction of a pulse-width- 
modulation control circuit. Designed primarily for 
powersupplycontrol,these devicesofferthe systems 
engineer the flexibility to tailor the power supply 
control circuitry to hisapplication. TheTL593, TL594, 
and TL595 are improved direct replacements for the 


TL493, TL494, and TL495. 


The TL593 contains an error amplifier,current-limiting 
amplifier, anon-chip adjustable oscillator, a dead-time 
control comparator, pulse-steering control flip-flop, 
5-volt regulator with a precision of 1%, an under- 
voltage lockout control circuit, and output control 


circuitry. 


The error amplifier exhibits a common-mode voltage 
range from - 0.3 volts to Vcc _ 2 volts. The current- 
limit amplifier exhibits a common-mode voltage range 
from -0.3 volts to VqC ~6 volts witn an offset 
voltage of approximately 80 millivolts in series with 
the inverting input to ease circuit design requirements. 
The dead-time control comparator has a fixed offset 
that provides approximately 5% dead time when 
externally altered. The on-chip oscillator may be 
bypassed by terminating Rj (pin 6) to the reference 
output 
and providing a sawtooth input to Cj 
(pin5), or it maybe used to drivethe commoncircuitry 
in synchronous multiple-rail power supplies. 
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TL593M ... J 


TL593C . . . N 
DUAL-IN-LINE PACKAGE (TOP VIEW) 
ERROR / NONINV INPUTCfTO^] NONINV INPUT 
AMP 1 \ 
INV INPUTC2 
FEEDBACKC3 
DEAD-TIME CONTROLC 4 
CTCb 
RTC6 
gndC i 
ci[b 


UlNV INPUT 
,4 TREFOUT 
13^OUTPUT CONTROL 
12 TVcc 
11 :c2 
10DE2 
9 ]E1 


CURRENT 


IMIT AMP 
Y 


TL594M ... J 


TL594I. TL594C ... J OR N 


DUAL-IN-LINE PACKAGE (TOP VIEW) 


ER 


AMP 
rorTnc 
IP1 
I 
ONINV INPUTp. UteDNONINV INPUT "lERROR 
INVinputC 
FEEDBACKC3 
DEAD-TIME CONTROLC" 
CtCb 
RtL"6 
gndC 7 
ciL"a 


i 
5 DlNV INPUT 
,4 3REFOUT 
13 TOUTPUT CONTROL 
,2l]VcC 
11 lea. 
10 I)E2 
9DE1 


AMP 2 


TL595C . . . N 
DUAL-IN-LINE PACKAGE (TOP VIEWI 


ERROR /NONINV INPUT[Ti" 
AMP1 I 
INVINPUTC2 
FEEDBACK^ 
DEAD-TIME CONTROL £ 4 
CtO 
RtO 
gndC 7 
Cl^B 
E'C9 


Ul8[]NONINV INPUT^ERROR 
17 llNV INPUT 
J AMP 2 
16]REF0UT 
isTVz 
14 IOUTPUT CONTROL 
13 ISTEERING INPUT 
12]VCC 
11 ]C2 
101E2 


DEVICE TYPES. SUFFIX VERSIONS. AND PACKAGES 


TL593 
TL594 
TL595 


TL59-M 


TL59-I 


TL59-C 


J 


N 


J 


J,N 


J.N 
N 


•These combinations are not defined by this data sheet. 


FUNCTION TABLE 


INPUTS 


OUTPUT FUNCTION 
OUTPUT 


CONTROL 


STEERING 


INPUT 


(TL595 only) 


V| < 0.4 V 
V| > 2.4 V 
V| > 2.4 V 
V| > 2.4 V 


Open 
Open 
V| < 0.4 V 
V| > 2.4 V 


Single ended or parallel outpul 
Normal push-pull operation 


PWM Output at Ql 


PWM Output at Q2 


m 


3 
TO 
03 
CC 


03 
TO 
(0 
•*-> 


O 
> 
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TYPES TL593, TL594, TL595 
PULSE-WIDTH-MODULATION CONTROL CIRCUITS 


description (continued) 


The uncommitted output transistors provide either common-emitter oremitter-follower output capability. Each device 
provides for push-pull or single-ended output operation with selection bymeans of theoutput-control function. The 
architecture ofthese devices prohibits the possibility ofeither output being pulsed twice during push-pull operation. 
The under-voltage lockout control circuit locks theoutputs off until the internal circuitry isoperational. 


TheTL593 andTL594 aresimilar exceptthatanadditional error amplifier isincluded inthe TL594 insteadofa current- 
limiting amplifier. TheTL595 provides the identical functions found intheTL594. Inaddition, theTL595 alsocontains 
anon-chip 39-volt zener diode for high-voltage applications where Vccisgreater than 40volts, and anoutput steering 
control that overrides the internal control of the pulse-steering flip-flop. 


The TL593M and TL594M are characterized for operation over the full military temperature range from -55°C to 
125°C.The TL594I is characterized for operation from -25°C to 85°C. The TL593C, TL594C, andTL595C are 
characterized for operation from 0°C to 70 °C. 


functional block diagram 


NONINVERTING 
INPUT 


NONINVERTING J_ 
INPUT 


| 
TL594 AND_TL595 
[" "current~lImiT 
noninverting ' 
amplifier 
INPUT 


INVERTING 
I 
INPUT 
| 


STEERING INPUT 
TL595 ONLY 
I ISEE FUNCTION TABLE] 


OUTPUT CONTROL 
(SEE FUNCTION TABLE) 
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TYPES TL593, TL594, TL595 
PULSE-WIDTH-MODULATION CONTROL CIRCUITS 


absolute maximum ratings overoperating free-air temperature range (unless otherwise noted) 


TL593M 


TL594M 
TL594I 


TL593C 


TL594C 


TL595C 


UNIT 


Supply voltage. Vrjc (see Note 1) 
41 
41 
41 
V 


Amplifier input voltages 
Vfx + 0.3 
Vcc+ 0-3 
Vcc-0.3 
V 


Collector output voltage 
41 
41 
41 


Collector output current 
250 
250 
250 
mA 


Continuous total dissipation at (or below) 


25 °C free-air temperature (see Note 2) 
1000 
1000 
1000 
mW 


Operating free-air temperature range 
-55 to 125 
- 25 to 85 
0 to 70 
°C 


Storage temperature range 
-65 to 150 -65 to 150 -65 to 150 
°C 


Load temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package 
300 
300 
300 


Lead temperaturo 1,6 mm (1/16 inch) from case for 10 seconds: N package 


NOTES: 1. All voltagovalues,except differential voltages,are with respect to the networkground terminal. 
2. For operation above 25°Cfree-air temperature, refer toDissipation Derating Table. IntheJ package, thoTL593M andTL594M chips arealloy 


mounted: TL594I and TL594C chips aro glass mounted. 


DISSIPATION DERATING TABLE 


PACKAGE 


J (Alloy-Mounted Chip) 


J (Glass-Mounted Chip) 


N 


recommended operating conditions 


POWER 


RATING 


1000 mW 


lOOOmW 


1000 mW 


DERATING 


FACTOR 


11.0 mW/°C 


8.2 mW/°C 


9.2 mW 


ABOVE 


TA 
59 °C 


28 °C 


41 °C 


TL593M 


TL594M 
TL594I 


TL593C 


TL594C 


TL595C 
UNIT 


MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


Supply voltage, Vcc 
7 
40 
7 
40 
7 
40 
V 


Amplifier input voltages, V| 
-0.3 Vcc-2 
-0.3 VCC-2 
-0.3 Vcc-2 
V 


Collector output voltage, Vq 
40 
40 
40 
v 1 
Collector output current (each transistor) 
200 
200 
200 
mA 


Current into feedback terminal 
0.3 
0.3 
0.3 


Timing capacitor, Ct 
0.47 
10 000 
0.47 
10 000 
0.47 
10 000 
nF 


Timing resistor, Rj 
1.8 
500 
1.8 
500 
1.8 
500 


Oscillator frequency 
Operating free-air temperature, Ta 


1 
300 
-55 
125 


1 
300 
-25 
85 


1 
300 


0 
70 
°C 


CO 


3 
Ui 
03 
CC 
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TYPES TL593, TL594, TL595 
PULSE-WIDTH-MODULATION CONTROL CIRCUITS 


electrical characteristics over recommended operating free-air temperature range, Vcc 
(unless otherwise noted) 
' 


reference section 


15 V, f = 10 kHz 


PARAMETER 


Output voltage IVfef) 


Input regulation 
Output regulation 
Output voltage change 
with temperature 
Short-circuit output current5 


TEST CONDITIONS' 


Iq = 1 mA, 
TA = 25°C 
VCC • 7 V to 40 V, 
Ta = 25 °C 
Iq = 1 to 10 mA. 
Ta = 25°C 


ATA = MIN to MAX 


Vref = 0 


oscillator section (see Figure 2) 


TL593M 


TL594M 


MIN 
TYP1 
MAX 


4.95 
5.05 


25 


35 


10 
35 


TL593C 


TL594I. TL594C 


TL595C 


MIN 
TYPJ 
MAX 


4.95 
5.05 


25 


UNIT 


mV 


mV 


PARAMETER 
TEST CONDITIONS' 


TL593M 


TL594M 


TL593C 


TL594I. TL594C 


TL595C 
UNIT 


MIN 
TYP! 
MAX 
MIN 
TYPS 
MAX 
Frequency 
10 
10 
kHz 
Standard deviation of frequency^ 
Allvalues of Vcc. Ct, Rt. Ta constant 
10 
10 
% 
Frequency change with voltage 
Vcc = 7 V to 40 V, TA = 25°C 
0.1 
0.1 
% 
Frequency change with temperature 
ATA = MIN to MAX 
12 
12 
% 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP* 
MAX 


Input offset voltage 


Error 


Feedback pin at 2.5 V 
2 
10 


mV 
current-limit 


(TL593 only) 
80 


Input offset current 
Feedback control at 2.5 V 
25 
250 
Input bias current 
Feedback control at 2.5 V 
0.2 
1 
/'A 


Common-mode input 


voltage range 


Error 


VCC = 7 V to 40 V 


-0.3 


to 
VCC-2 
V 
Current-limit 


(TL593 only) 


-0.3 


to 
VCC-6 


Open-loop voltage 


amplification 


Error 
AV0 = 3 V, 
V0 = 0.5 V to 3.5 V 
70 
95 


dB 
Current-limit 
(TL593 only) 
90 


Unity-gain bandwidth 
800 
kHz 


Common-mode 


rejection ratio 


Error 


VCc = 40 V, 
TA = 25°C 
65 
80 


dB 
Current-limit 


(TL593 only) 
70 


Output sink current (pin 3) 
VID = 
- 15 mV to - 5 V, 
Feedback control at 0.5 V 
0.3 
0.7 
mA 
Output source current (pin 3) 
V|D - 
15 mV to 5 V. 
Feedback at 3.5 V 
-2 
mA 
'For conditions shown as MIN or MAX. use the appropriate value specified under recommended operating conditions. 
All typical values except for parameter changes with temperature areat T& • 25°C 
, 
'Durationof the short-circuit should not exceed onosecond. 
' 
n —' 
^Standard deviation is a measure of the statistical distribution about the mean as derived from the formula 
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TYPES TL593, TL594, TL595 
PULSE-WIDTH-MODULATION CONTROL CIRCUITS 


electrical characteristics over recommended operating free-air temperature range, Vcc - 15V, f - 10 kHz 
(unless otherwise noted) 
dead-time controlsection (see Figure 2) 


PARAMETER 
Input bias current (pin 4) 
Maximum duty cycle, each output 


Input threshold voltage (pin 4) 


TEST CONDITIONS 
Vl • 0 to 5.25 V 


Dead-time control at 0 V 


Zero duty cycle 


Maximum duty cycle 


MIN 
TYP: 
MAX 
-2 
-10 


45 
3.3 


UNIT 


pA 


output section 


PARAMETER 
TEST CONDITIONS 


TL593M 


TL594M 


TL593C 


TL594I. TL594C 


TL595C 
UNIT 


MIN 
TYPS 
MAX 
MIN 
TYP- 
MAX 


2 
100 


Collector off-state current 
VC = 15 V. 
VE = OV. 


Vcc = 1 to 3 V, 
Dead-time and output control pins at 0 V 


4 
200 
4 
200 
pA 


Emitter off-state current 
VCC = VC = 40 V, VE = 0 
-150 
pA 


Collector-emitter 
ICommon-emitter VE = 0. 
ic • 20° mA 
1.1 
1.5 
V 
saturation voltage |Emitter-follower Vf = 15 V, 
lE • 
-200 mA 
1.5 
2.5 


Output control input current 
V| - 
vref 
3.5 
3.5 


pwm comparator section (see Figure 2) 


PARAMETER 


Input threshold voltage (pin 3! 
Input sink current (pin 3) 


TEST CONDITIONS 


Zero duty cycle 


v(pin 3) - 
0.5 V 


MIN 
TYP* 
MAX 


4.5 


0.3 


UNIT 


in 


J2 
3 
D> 
CD 
CC 


under-voltage lockout section (see Figure 2) 
03 


PARAMETER 
TEST CONDITIONS' 


TL593M 


TL594M 


TL593C 


TL594I. TL594C 


TL595C 
UNIT 
O 
> 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Threshold voltage 
TA = 25°C 
6 
6 
V PI 
ATa = MIN to MAX 
3 
6.9 
3.5 
6.9 
LI 
Hysteresis I 
30 
100 
mV ••i 


total device (see Figure 2) 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP: 
MAX 
UNIT 


Standby supply current 


Pin 6 at Vref, 


All other inputs 


and outputs open 


vcc ' = 15 V 
9 
15 
mA 


vcc 
= 40 V 
11 
18 


Average supply current 
Dead-time Control at 2 V, 
See Figure 2 
12.4 
mA 


'For conditions shown as MIN or MAX, use tho appropriate valuospociliod under recommended oporating conditions. 
!Alltypical valuesexcept for paramotor changes with temperaturo aroat T^ - 25°C 
| Hysteresis is the difference betweon tho positive-going input threshold voltago andthe negative-going input threshold voltage. 
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TYPES TL593, TL594, TL595 
PULSE-WIDTH-MODULATION CONTROL CIRCUITS 


switching characteristics, Ta = 25 °C 


PARAMETER 


Output voltage rise time 
Output voltago fall time 
Output voltage rise time 


Output voltago fall time 


-All typical values are at T^ = 25°C. 


TEST CONDITIONS 
Common-emitter configuration. 
See Figure 3 
Emitter-follower configuration. 


See Figure 4 


PARAMETER MEASUREMENT INFORMATION 


AMPLIFIER 
UNDER TEST 


FIGURE 1 - 
AMPLIFIER CHARACTERISTICS 
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MIN 
TYP* 
MAX 


100 
200 


30 


200 
400 


45 
100 


TERMINAL 


VOLTAGE 
ATC1 


VOLTAGE 
ATC2 


VOLTAGE 
ATCT 


DEAD-TIME 
CONTROL 
INPUT 


DUTY 
CYCLE 


TYPES TL593, TL594, TL595 
PULSE-WIDTH-MODULATION CONTROL CIRCUITS 


PARAMETER MEASUREMENT INFORMATION 


VCC 
15 V 


{ 


TEST 
INPUTS 


|—VA 


•JrO.01 «F 


VCC 


feedback 


Rt 


Ct 


( 
I 


OUTPUT 
CONTROL 


STEERING 
CONTROL 


VZ 


REF 
OUTPUT 


"X 


TESTCIRCUIT 


l150'.!>150i! 
>2 W S 
2 W 


-± 


TL595 
ONLY 


VOLTAGE WAVEFORMS 


FIGURE 2-OPERATIONAL TEST CIRCUIT AND WAVEFORMS 


• VCC 


-VCC 


<n 


3 


03 
CC 


o 
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TYPES TL593, TL594, TL595 
PULSE-WIDTH-MODULATION CONTROL CIRCUITS 


PARAMETER MEASUREMENT INFORMATION 


1" 
1 
(EACH OUTPUT 
| 
| 
CIRCUIT) 


15 V 
cp 


• 
68 


< 
2V 
n. 


i 


/ 
! 
1 
\ 
1 
\^ 
1 


_ 
CL= 15pF 
N 
(includes probe and 


lig capacitance) 


i 


l 


j 


TEST CIRCUIT 
OUTPUT VOLTAGE WAVEFORM 


FIGURE 3-COMMON-EMITTER CONFIGURATION 


(EACH OUTPUT 


CIRCUIT) 


J -r 
CL= 15pF 
(includes probe and 
jig capacitance) 


15V 


o 


O 
OUTPUT 


TEST CIRCUIT 
OUTPUT VOLTAGE WAVEFORM 


FIGURE 4-EMITTER-FOLLOWER CONFIGURATION 
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TYPES TL593, TL594, TL595 
PULSE-WIDTH-MODULATION CONTROL CIRCUITS 


TYPICAL CHARACTERISTICS 


OSCILLATOR FREQUENCY and 
FREQUENCY VARIATION* vs 


TIMING RESISTANCE 


Ik 
4 k 
10 k 
40 k 
100 k 
400 k 
1 M 
Rj-Timing Resistance-Si 


FIGURE5 


100 


90 


80 


T 70 
c 
o 
S 
60 


CO 


%. 50 
E 
< 


~ 
30 
o 
> 
20 


AMPLIFIER VOLTAGE AMPLIFICATION 


vs 
FREQUENCY 


_vcc = 15V 
N\ 
AVo=3V 


\ 
\ 
\ 
\ 


1 
10 
100 
1k 
10k 
1M 
f—Frequency—Hz 


'Frequency variation (if) is tho change in oscillator frequency that occurs over the full tomporature range. 


m 


_CO 


3 
Ui 
03 
CC 


CD 
Ui 
CO 
4-» 


o 
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Voltage Regulators 


LINEAR 
INTEGRATED 
CIRCUITS 


• 
±1%Output tolerance at 25°C 


• 
±2%Output Tolerance Over Full Operating 
Range 


• 
Thermal Shutdown 


• 
Internal Short-Circuit Current Limiting 


• 
Pinout Identical to uA7800 Series 


• 
Improved Version of uA7800 Series 


description 


Each fixed-voltage precision regulator in this series 
is capable of supplying 1.5 amperes of load current. 
A 
unique 
temperature-compensation 
technique 
coupled with an internally trimmed bandgap reference 
has resulted in improved accuracy when compared 
to other three-terminal regulators. Advanced layout 
techniques provide excellent line, load, and thermal 
regulation. The internal current limiting and thermal 
shutdown 
features 
make 
the 
devices 
essentially 
immune to overload. 


schematic 


SERIES TL780 
POSITIVE VOLTAGE REGULATORS 


D2643. APRIL 1981 


NOMINAL 


OUTPUT 


VOLTAGE 


REGULATOR 


5V 


12 V 


15V 


TL780-05C 


TL780-12C 


TL780-15C 


KCPACKAGE 


(TOP VIEW) 


b 


THE COMMON TERMINAL IS IN 
ELECTRICAL CONTACT WITH 
THE MOUNTING BASE 


TO-220AB 


Copyright © 1981 by Toxas Instruments Incorporated 
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SERIES TL780 
POSITIVE VOLTAGE REGULATORS 


absolute maximum ratings over operating temperature range (unless otherwise noted) 


Input voltage 
35 V 
Continuous total dissipationat 25°C free-airtemperature (see Note 1) 
2 W 
Continuous total dissipation at (or below) 25°C casetemperature (see Note 1) 
15W 
Operating free-air. case, or virtual junction temperature range 
0 to 150°C 
Storage temperature range 
-65 to 150°C 
Lead temperature 1.6 mm (1/16 inch) from case for 10 seconds 
260°C 


NOTE 1:Foroperation above25"Ctree-air orcase temperature, referto Figures 1and2. Toavoid exceeding the designmaximum virtual junction temperature, 
these ratings should not be exceeded. Due to variations Inindividualdevice electrical characteristics and thermal resistance, the built-inthermal overload 
protection may be activated at power levels slightly above or below the rated dissipation. 


2000 


FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE 
CASE TEMPERATURE 
DISSIPATION DERATING CURVE 


5 
E 
1800 


c 
o 
1600 


a 
1400 


a 
1200 


3 
O 


c 


C 


1000 


800 


< 
o 


u 
E 
600 


£ 
400 - Deratingfactor = 16 mW/°C 
ROJA * 62.5°C/W 


V 
\ 


\ 


Derating factor = 3.25 W/°C 
\ 


abo 
fyjc* 


ve 90° C 
4°C/W 
\ 
73 
CD 
COc_ 


03 


m 


200 


25 
50 
75 
100 
125 


Ta—Free-AirTemperature-°C 


FIGURE 1 


recommended operating conditions 


2 


150 
25 
50 
75 
100 
125 
150 
Tc-Case Temperature—°C 


MIN 
MAX 
UNIT 


Input voltage. V| 


TL780-05C 
7 
25 


V 
TL780-12C 
14.5 
30 


TL780-15C 
17.5 
30 
Output current, Iq 
1.5 
A 
Operating virtual junction temperature. Tj 
0 
125 
°C 
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SERIES TL780 
POSITIVE VOLTAGE REGULATORS 


TL780-05C electrical characteristics at specified virtual junction temperature, 
V| = 10 V, Iq = 500 mA (unless otherwise noted) 


PARAMETER 
TEST CONDITIONS1 
MIN 
TYP 
MAX 
UNIT 


Output voltage 
Iq • 5 mA to 1 A. 
V| - 7 V to 20 V 
P<15W 
25° C 
4.95 
5 
5.05 
V 
0°Cto 125°C 
4.9 
5.1 


Input regulation 
V| - 7 V to 25 V 
25° C 
0.5 
5 
mV 
V| =8 Vto 12 V 
0.5 
5 


Ripple rejection 
V| =8V to 18 V. 
f = 120 Hz 
0°C to 125°C 
70 
85 
dB 


Output regulation 
lO =5 mA to 1.5 A 
25° C 
4 
25 
mV 
lO " 250 mA to 750 mA 
1.5 
15 


Output resistance 
f = 1 kHz 
0°Cto 125°C 
0.0035 
fl 


Temperature coefficient 


of output voltage 
lO • 5 mA 
0°Cto 125°C 
0.25 
mV/"C 


Output noise voltage 
f- 10 Hz to 100 kHz 
25° C 
75 
«v 


Dropout voltage 
l0- 1 A 
25° C 
2 
V 


Bias current 
25° C 
5 
8 
mA 


Bias current change 
V| =7 V to 25 V 
0°Cto 125°C 
0.7 
1.3 
mA 
Iq " 5 mA to 1 A 
0.03 
0.5 


Short-circuit output current 
V| =35 V 
25" C 
750 
mA 


Peak output current 
25° C 
2.2 
A 


TL780-12C electrical characteristics at specified virtual junction temperature, 
V| = 19 V, Iq • 500 mA (unless otherwise noted) 


PARAMETER 
TEST CONDITIONS* 
MIN 
TYP 
MAX 
UNIT 


Output voltage 
lO • 5 mA to 1 A. 
p< 15 W 
V|- 14.5 Vto 27 V 
25° C 
11.88 
12 
12.12 
V 
0°Cto 125°C 
11.76 
12.24 


Input regulation 
V|- 14.5 V to 30 V 
25° C 
1.2 
12 
mV 
V| = 16 Vto 22 V 
1.2 
12 


Ripple rejection 
V| - 15 Vto 25 V 
f=120Hz 
0'C to 125JC 
65 
80 
dB 


Output regulation 
Iq j 5 mA to 1.5 A 
25° C 
6.5 
60 
mV 
lO " 250 mA to 750 mA 
2.5 
36 


Output resistance 
f « 1 kHz 
O'Cto 125°C 
0.0035 
!2 


Temperature coefficient 


of output voltage 
Iq = 5 mA 
0°Cto125°C 
0.6 
mV/°C 


Output noise voltage 
f • 10 Hz to 100 kHz 
25° C 
180 
UV 


Dropout voltage 
l0-1 A 
25° C 
2 
V 


Bias current 
25°C 
5.5 
8 
mA 


Bias current change 
V| - 14.5 Vto 30 V 
0°Cto 125°C 
0.4 
1.3 
mA 
Iq • 5 mA to 1 A 
0.03 
0.5 


Short-circuit output current 
V| = 35V 
25° C 
350 
mA 


Peak output current 
25" C 
2.2 
A 


m 


j0 


3 
Ui 
<1> 
CC 


03 
Ui 
CO 


O 
> 


'All characteristics are measured with s capacitor across the input of 0.33 uF and a capacitor across the output of 0.22 uF. All characteristics 
except noise voltago and ripplo rejection rotio are measured using pulse techniques (tw < 10 ms. duty cycles < 5%). Output voltage changes 
duo to changes In internal temperaturo must bo tokon into account separately. 
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SERIES TL780 
POSITIVE VOLTAGE REGULATORS 


TL780-15C electrical characteristics at specifiedvirtual junction temperature, 
V| = 23 V, Iq = 500 mA (unless otherwise noted) 


PARAMETER 
TEST CONDITIONS* 
MIN 
TYP 
MAX 
UNIT 


Output voltage 
lO" 5 mA to 1 A, 
P< 15 W 


V| = 17.5 Vto 30 V 


25° C 
14.85 
15 
15.15 
V 
0°Cto 125°C 
14.7 
15.3 


Input regulation 
V|= 17.5 Vto 30 V 
25° C 
1.5 
15 
mV 
V| - 20 V to 26 V 
1.5 
15 
Ripple rejection 
V|= 18.5 V to 28.5 V 
f-120 Hz 
0°Cto125°C 
60 
75 
dB 


Output regulation 
lO • 5 mA to 1.5 A 
25°C 
7 
75 
mV 
lO - 250 mA to 750 mA 
2.5 
45 
Output resistance 
f- 1 kHz 
0°Cto125°C 
0.0035 
n 
Temperature coefficient 


of output voltage 
lO " 5 mA 
0°C to 125°C 
0.62 
mV/°C 


Output noise voltage 
f- 10 Hz to 100 kHz 
25° C 
225 
uV 
Dropout voltage 
10= ' A 
25° C 
2 
V 
Bias current 
25° C 
5.5 
8 
mA 


Bias current change 
V| 
=• 17.5 V to 30 V 
0°Cto 125°C 
0.4 
1.3 
mA 
lO " 5 mA to 1 A 
0.02 
0.5 
Short-circuit output current 
V| =35 V 
25° C 
230 
mA 
Peak output current 
25° C 
2.2 
A 


'All characteristic 
r*d 
i capacitor across the Input of 0.33 uF and a capacitor across tha output of 0.22 uF. All characteristics 
jxcoptnoise voltage and ripple rojoctlon ratio are measured using pulso techniques (tw < 10 ms.duty cycle "S 5%). Outputvoltage changes 
duo to changes In internal temperaturo must be taken into account separately. 


TYPICAL APPLICATION DATA 


INPUT 
O— 


C1-0.33^F* 


I 
TL 780 
O 


C 
T 
C2 = 0.22uFt 


OUTPUT- 
-f—O 


*C1 required If regulator is far from power supply filter. 
TC2 not required for stability, however transient response is improved 
SPermanent damage can occur If output Is pulled below ground. 
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LINEAR 
INTEGRATED 
CIRCUITS 


TYPE TL783C 
HIGH-VOLTAGE ADJUSTARLE REGULATOR 


Output Adjustable From 1.25 V To 
125-Volt 


700 mA Output Current 


Full Short-Circuit, Safe-Operating-Area, and 
Thermal Shutdown Protection 


0.001 %/V Typical Input Regulation 


0.15% Typical Output Regulation 


76 dB Typical Ripple Rejection 


Standard TO-220AB Package 


description 


The TL783 is an adjustable 3-terminal positive-voltage regulator with an output range of 1.25 volts to 125 volts and a 
DMOS output transistor capable of sourcing more than 700 miliiamperes. It is designedfor use in high-voltage applica 
tions where standard bipolar regulators cannot be used. Excellent performance specifications ... superior to those 
of most bipolar regulators... are achieved through circuit design and advanced layout techniques. 


As a state-of-the-art regulator, the TL783 combines standard bipolar circuitry with high-voltage double-diffused MOS 
transistors on one chip to yield a device capable of withstanding voltages far higher than standard bipolar integrated 
circuits. Becauseof its lackof secondary breakdown and thermal runaway characteristics usually associated with bipolar 
outputs, the TL783 maintains full overload protection while operating at up to 125 volts from input to output. Other 
features of the device include current limiting, safe-operating-area (SOA) protection, and thermal shutdown. Even if 
the adjustment pin is inadvertently disconnected, the protection circuitry remains functional. 


Only two external resistors are required to program the output voltage. An input bypass capacitor is necessary only 
when the regulator is situated far from the input filter. An output capacitor, although not required, will improve 
transient response and protection from instantaneous output short-circuits. Excellent ripple rejection can be achieved 
without a bypass capacitor at the adjustment terminal. 


functional block diagram 
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KCPACKAGE 


TOP VIEW) 


NPUT 
OUTPUT 
ADJUSTMENT 


THE OUTPUT TERMINAL IS IN 
ELECTRICAL CONTACT WITH 


THE MOUNTING BASE 


TO-220AB 


-Ov0 


CO 


JS 
3 
D) 
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CC 
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CO 
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TYPE TL783C 
HIGH-VOLTAGE ADJUSTABLE REGULATOR 


absolute maximum ratings over operating temperature range (unless otherwise noted) 


Input-to-output differential voltage, V| —Vo 
125 V 
Continuous total dissipation at (or below) 25 C free-air temperature (see Note 1) 
2 W 
Continuous total dissipation at (or below) 25°Ccasetemperature (see Note 1) 
20 W 
Operating free-air, case, or virtual junction temperature range 
0 C to 150 C 
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds 
260 C 


NOTE 1: Foroperationabove 25°C froe-air or case tomporature,referto Figures1 and 2. Toavoidexcoedingtho design maximum virtualjunctiontemperaturo. 
these ratings should not be exceeded. Due to variations in individual dvice electrical characteristics and thermal resistance, tho built-in thermal overload 
protection may be activated at power levels slightly abovo or below the rated dissipation. 


2000 


3 
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TA-Free-Air Temperature—°C 


FIGURE 1 
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100 
125 
150 


Tc - Case Temperature - °C 


FIGURE 2 


recommended operating conditions 


MIN 
MAX 
UNIT 
Input-to-output voltage differential, V| —Vo 
125 
V 
Output current, lo 
15 
700 
mA 
Operating virtual junctiontemperature,Tj 
0 
125 
°C 
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TYPE TL783C 
HIGH-VOLTAGE ADJUSTABLE REGULATOR 


electrical characteristics atV| - V0=25 V, In =0.5 A, Tj=0°C to 125°C (unless otherwise noted) 


PARAMETER 
TEST CONDITIONS' 
MIN 
TYP 
MAX 
UNIT 


Input regulation? 
V| - VO"20Vto 125 V 
Tj = 25°C 
0.001 
0.01 
%/V 
Tj = 0°Cto 125°C 
0.004 
0.02 


Ripple rejection 
^V|,p.p, = 10V. 
V0- 10 V. 
1 = 120 Hz 
66 
76 
dB 


Output regulation 
Iq= 15 mA to 700 mA, 
Tj = 253C 
Vo <5 V 
7.5 
25 
mV 


V0>5V 
0.15 
0.5 
% 


lQ • 15 mA to 700 mA 
V0<5V 
20 
70 
V0>5 V 
0.3 
1.5 
% 


Output voltage change 


with temperature 


0.4 
% 


Output voltage 
1000 hat Tj = 125°C. 


See Noto 2 
V|-V0-125V, 
0.2 
% 


Output noise voltage 
f = 10 Hz to 10 kHz. 
Tj = 25°C 
0.003 
% 


Minimum output current 


to maintain regulation 
V| -V0" 125 V 
15 
mA 


Peak output current 


t - 
1 ms 
1100 


mA 
V|-Vo" 15 V. 
t - 30 ms 
715 


V| - V0 = 25 V. 
t - 30 ms 
700 
900 


250 


Adjustment-terminal 


curront 
83 
110 
PA 


Change in adjustment- 


terminal current 
V| - Vq- 15 V to 125 V. 
Iq= 15 mA to 700 mA. 
P < rated dissipation 
0.5 
5 
uA 


Reference voltage 


(output to ADJ) 
V| - Vq- 10 Vto 125 V. 
Iq° 15 mA to 700 mA. 
P < rated dissipation 
1.2 
1.27 
1.3 
V 


1All characteristics except noise voltage and ripplo rejection aremeasured using pulse technique, <tw < 10m,.dutycycle < 5%) to limit changes 
inaverage Internal dissipation. Output voltage chang.s duo tolargo changes inInternal dissipation must betaken Into account separately. 
tInputregulation Isexpressed heroas tho porcentago changein output voltago per 1-voltchangeat the Input. 
NOTE 2: Since long-term driftcannot bo measured on the individual devices prior to shipment, this specification Is notIntended to bei 
guarantoo or warranty. It Isanengineering ostlmote of thoaverage driftto boexpected fromlotto lot. 
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TYPE TL783C 
HIGH-VOLTAGE ADJUSTABLE REGULATOR 


OUTPUT CURRENT LIMIT 


INPUTTOOUTPUT VOLTAGE DIFFERENTIAL 


Voltjje Different*) - V 


RIPPLE REJECTION 


OUTPUT VOLTAGE 


1 
1 
1 
1 
V||AV)-Vo-25V 


Iq • ICO ml 
1- 120 Hj 


Tj •25 
C 


\ 
40 


10 
20 
30 
40 
50 
60 
70 
80 
90 
100 


Vq - Output Voluot - V 


TYPICAL CHARACTERISTICS 


OUTPUT CURRENT LIMIT 


INPUT-TO OUTPUT VOLTAGE DIFFERENTIAL 


V,s.^ 
Tc• O'C 
^Tc- 75'C 


r--jr""T~""——- 


V| - Vq - Input to Output Volteoe Different*! - V 


FIGURE 4 


RIPPLE REJECTION 


OUTPUT CURRENT 
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• 10 


V 


V 


C| 
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2! 
C 
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Iq - Output Current - mA 
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OUTPUT CURRENT LIMIT 
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TYPE TL783C 
HIGH-VOLTAGE ADJUSTABLE REGULATOR 


TYPICAL CHARACTERISTICS 


REFERENCE VOLTAGE 


VIRTUAL JUNCTION TEMPERATURE 


ADJUSTMENT-TERMINAL CURRENT 


VIRTUAL JUNCTION TEMPERATURE 


DROPOUT VOLTAGE 
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.... OV 
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im A 


N 
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1.25 
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FIGURE 10 
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LOAD REGULATION 
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FIGURE 13 


LINE TRANSIENT RESPONSE 
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FIGURE 12 
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TO MAINTAIN REGULATION 


INPUT VOLTAGE 


TC -o"c- 


\-TC -26'C 
[\_TC" 125" 


60 
75 
100 
125 
Vi-lnput Voltaje-V 


LOAD TRANSIENT RESPONSE 


Texas 
Instruments 
POSTOFFICE BOX226012 • OALLAS. TEXAS75265 


6-145 


< 
O 


03 


TYPE TL783C 
HIGH-VOLTAGE ADJUSTABLE REGULATOR 


DESIGN CONSIDERATIONS 


The internal reference (see functional block diagram) is used to generate 1.25 volts nominal (Vref) between the output 
and adjustment terminals. This voltage is developed across Rl and causes a constant current to flow through R1 and 
the programming resistor R2, giving an output voltage of: 


Vo-Vref(1+R2/R1) + l8dj(R2) 


or 


Vo^Vref d +R2/R1). 


The TL783 was designed to minimize lacjj and maintain consistency over line and load variations,thereby minimizing 
the lafjj (R2)error term. 


To maintain lacjj at a low level, all quiescent operating current is returned to the output terminal. This quiescent 
current must be sunk by the external load and is the minimum load current necessary to prevent the output from 
rising. The recommended R1 value of 82 ohms will provide a minimum load current of 15 miliiamperes. Larger values 
may be used if the input-to-output differential voltage is less than 125 volts (see minimum operating current curve) 
or if the load will sink some portion of the minimum current. 


Bypass capacitors 


The TL783 regulator is stable without bypass capacitors; however, any regulator will become unstable with certain 
values of output capacitance if an input capacitor is not used. Therefore, the use of input bypassing is recommended 
whenever the regulator is located more than four inches from the power-supply filter capacitor. A 1-microfarad tantalum 
or electrolytic capacitor is usually sufficient 


Adjustment-terminal capacitors are not recommended for use on the TL783 because they can seriously degrade load 
transient response as well as create a need for extra protection circuitry- Excellent ripple rejection is presently achieved 
03 
without this added capacitor. 
Cfi 
CO 
Due to the relatively low gain of the MOS output stage, output voltage drop-out may occur under large load transient 
-n 
conditions. Addition of an output bypass capacitor will greatly enhance load transient response as well as prevent 
(0 
drop-out. For most applications it is recommended that an output bypass capacitor be used with a minimum value of: 
Cfi 
C 
C0(pf) = 15/V0 


Larger values will provide proportionally better transient response characteristics. 


CO 
Protection circuitry 


The TL783 regulator includes built-in protection circuitry capable of guarding the device against most overload con 
ditions encountered in normal operation. These protective features are current limiting, safe-operating-area protection, 
and thermal shutdown. These circuits are meant to protect the device under occasional fault conditions only. Con 
tinuous operation in the current limit or thermal shutdown mode is not recommended. 


The internal protection circuits of the TL783 will protect the device up to maximum rated V| as long ascertain pre 
cautions are taken. If V| is instantaneously switched on, transients exceeding maximum input ratings may occur, which 
can destroy the regulator. These are usually caused by lead inductance and bypass capacitors causing a ringing voltage 
on the input. In addition, if rise times in excess of 10 V/ns are applied to the input, a parasitic n-p-n transistor in parallel 
with the DMOS output can be turned on causing the device to fail. If the device is operated over 50 volts and the input 
is switched on rather than ramped on, a low-Q capacitor, such as a tantalum or electrolytic should be used rather than 
ceramic, paper, or plastic bypass capacitors. A dissipation factor of 0.015 or greater will usually provide adequate 
damping to suppress ringing. Normally, no problems will occur if the input voltage is allowed to ramp upward through 
the action of an ac line rectifier and filter network. 
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TYPE TL783C 
HIGH-VOLTAGE ADJUSTABLE REGULATOR 


Similarly, if an instantaneous short circuit is applied to the outputs, both ringing and excessive fall times can result. A 
tantalum'or electrolytic bypass capacitor is recommended to eliminate this problem. However, if alarge output capacitor 
is used and the input is shorted, addition of aprotection diode may be necessary toprevent capacitor discharge through 
the regulator. The amount of discharge current delivered is dependent on output voltage, size of capacitor, and fall 
time ofV|.Aprotective diode (see Figure 17) is required only for capacitance values greater than 


Co>f)«3x 104/(VO)2- 


Care should always be taken toprevent insertion of regulators into asocket with power on. Power should be turned off 
before removing or inserting regulators. 


V,o- 


TL783C 


INPUT 
OUTPUT 


ADJUST 


-OVo 


^C0 


£» 


FIGURE 17- REGULATOR WITH PROTECTIVE DIODE 


Load regulation 
The current set resistor (Rl) should be located close to the regulator outputterminal rather than near the load. This 
eliminates long line drops from being amplified through the action of R1 and R2 todegrade load regulation. To provide 
remote ground sensing, R2 should be near the load ground. 
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FIGURE 18-REGULATOR WITH CURRENT-SET RESISTOR 
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TYPE TL783C 
HIGH-VOLTAGE ADJUSTABLE REGUALTOR 


TYPICAL APPLICATION DATA 


V|- 125 V 


1*iF\ 
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ADJUST 
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R2 
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V0 • VrBf 


O 
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•NEEDED IF DEVICE IS MORE THAN 4 INCHES FROM 


FILTER CAPACITOR 


FIGURE 19-1.25-VTO 115-V 
ADJUSTABLE REGULATOR 
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FIGURE 20-125 V 
SHORT-CIRCUIT-PROTECTED 
OFF-LINE REGULATOR 
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FIGURE 21-50-V 
REGULATOR WITH CURRENT BOOST 
FIGURE 22-ADJUSTABLE 
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TYPE TL783C 
HIGH-VOLTAGE ADJUSTABLE REGULATOR 


TYPICAL APPLICATION DATA 
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SINKING REGULATOR 
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FIGURE 26-48-V. 200mA 
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Voltage Regulators 


LINEAR 
INTEGRATED 
CIRCUITS 


DUAL 


Complete PWM Power Control Circuitry 


Completely Synchronized Operation 


Internal Under-Voltage Lockout Protection 


Wide Supply Voltage Range 


Internal Short-Circuit Protection 


Oscillator Frequency . . . 500 kHz Max 


Variable Dead Time Provides Control Over 
Total Range 


Internal Regulator Provides A Stable 2.5-V 
Reference Supply 


TYPE TL1451C 
PULSE-WIDTH-MODULATION CONTROL CIRCUIT 


D2730. FEBRUARY 1983 


J 
OR N 


DUAL IN-LINE PACKAGE (TOP VIEWI 
CTQl Ui6 
RTC2 
15 
error 
Tin- C 3 
14 
AMPLIFIER 1\IN- £a 
13 
1 FEEDBACK £ 5 
12 
1 DEAD-TIME CONTROL £ 6 
11 
1 OUTPUT £ 7 
10 
GND £8 
9 


iREF 
1SCP 
3lN ^"L 
ERROR 
TIN-J AMPLIFIER 2 
]2 FEEDBACK 
12 DEAD-TIME CONTROL 
12 OUTPUT 
Dvcc 


description 
The TL1451 incorporates onasingle monolithic chip all thefunctions required in theconstruction oftwopulse-width- 
modulation control circuits. Designed primarily for power supply, control, the TL1451 contains an on-chip 2.5-volt 
regulator, two error amplifiers, anadjustable oscillator, two dead-time comparators, under-voltage lockout circuitry, 


and dual common-emitter output transistor circuits. 


The uncommitted output transistors provide common-emitter output capability for eachcontroller. The internal amplifiers 
exhibit a common-mode voltage range from 0.4 volts to 1.5 volts. The dead-time control comparator hasnooffset 
unless externally altered andmay beused to provide 0%to 100%dead time. The on-chip oscillator may beoperated 
by terminating Rt (pin 2)and Ct (pin 1). During low VqC conditions, theunder-voltage lockout control circuit feature 
locks the outputs off until the internal circuitry is operational. 


The TL1451 is characterized for operation from -20°C to 85°C 


recommended operating conditions 


MIN 
NOM 
MAX 
UNIT 


Supply voltago, Vqq 
3.6 
40 
V 


High-level output voltage, Vqh 
40 


High-level output current, Iqh 
20 
mA 


Error amplifier common-mode input voltago. V|c 
0.4 
1.5 
V 


Input voltage range at dead-time terminal 
1.4 
2.05 
V 


Input current at feedback terminal 
-50 
pA 


Timing capacitor, Ct 
0.15 
15 
pF 


Timing resistor. Rf 
5 
50 
kfi 


Oscillator frequency, fosc 
1 
500 
kHz 


Operating free-air temperature, T/\ 
-20 
85 
°C 


in 


_co 


3 
Ui 
03 
CC 


o 
> 


PRODUCT PREVIEW 


Thia document contains Information on a product undae 
development. Taxai Initrumante raearvai tha right to 
changa or discontinue thle product without notlca. 
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TYPE TL1451C 
DUAL PULSE-WIDTH-MODULATION CONTROL CIRCUIT 


TYPICAL APPLICATION DATA 


0.47 uF 


16 15 14 13 
12 11 
10 
9 


TL1451 


12 
3 
4 
5 
6 
7 
PMUUMUULJ 


—-vw 


" 
» 


VS/220 a< 
>*pipF 


Values for Rl through R7. C1 through C4. and LI and L2 depend upon Individual application 
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-J^C2 STEP-UP 
OUTPUT 


^C4 STEP-DOWN 
OUTPUT 


TYPES TL1525A, TL1527A, TL2525A, TL2527A, TL3525A, TL3527A 
PULSE-WIDTH MODULATION CONTROLLERS 
LINEAR 
INTEGRATED 
CIRCUITS 
D2724, APRIL 1983 


Complete PWM Power Control Circuitry 


8-Volt to 35-Volt Operation 


5.1-Volt Reference Trimmed to ±1% 


Frequency Range ... 100 Hz to 500 Hz 


Adjustable Deadtime Control 


Under-Voltage Lockout for Low Vcc 
Conditions 


Latched PWM Prevents Multiple Pulses 


Dual Sink or Source Output Drivers 


Improved Direct Replacements for Silicon 
General SG1525A/SG1527A Series 


TL1525A. TL1527A ... J 


TL2525A. TL2527A ... J OR N 


TL3525A. TL3527A ... J OR N 


DUAL-IN-LINE PACKAGE 


(TOP VIEW) 


INVERTING INPUTpi ^16 
NONINVERTING INPUT £ 2 
SYNC £ 3 
OSCILLATOR OUTO 
CtCs 
Rj£6 
DISCHARGE £ 7 
SOFT-START £ 8 


F]REFERENCE 
DVCC (V|> 
J OUTPUT B 
Dvc 
Hgnd 
3 OUTPUT A 
10 3 SHUTDOWN 
9 3 COMPENSATION 


output logic 


TL1525A. TL2525A. TL3525A ... OR 
TL1527A. TL2572A, TL3527A . . . NOR 


description 


The TL1 525A/TL1527Aseries of pulse-widthmodulation integratedcircuitsare designed to offer improvedperformance 
and lowerexternalpartscount when usedto implement varioustypes ofswitchingpowersupplies.Eachdeviceincludes 
an on-chip5.1-volt reference, error amplifier, programmable oscillator, pulse-steeringflip-flop, a latched comparator 
under-voltage lockout, shutdown circuitry, and complementary source orsink outputs. The on-chip 5.1-volt reference 
is trimmedto ± 1% initial accuracy, serves as a referenceoutput, and suppliesthe internalregulatorcontrolcircuitry. 
The input common-mode range ofthe error amplifier includes the reference voltage, which eliminates the need for 


external divider resistors. 


Theoscillator operatesat a fixed frequency determined byone timing resistor Rt and one timing capacitor Cj- The 
timing resistor establishes the constant charging current forCt. resulting ina linear voltage ramp at Cj. which is 
fed to the PWM comparator providing linearcontrolof the output pulse durationby the error amplifier. A Sync input 
to the oscillatorallowsforexternalsynchronization or formultiple unitsto beslavedtogether. Asingleexternalresistor 
between theCypin andtheDischarge pin provides a wide range ofdead-time adjustment. These devices alsofeature 
built-in soft-start circuitry that requires onlyan external timing capacitor. TheShutdown pincontrols boththe soft- 
start and the outputdrivers, and provides instantaneous turn-off withsoft-start recycle forslow turn-on. Thesoft- 
start andoutputdriver circuitry arealsocontrolled bytheunder-voltage lockout circuit, which, during low-input supply 
voltage oflessthanthat required for normal operation, keeps thesoft-start capacitor discharged andtheoutput drivers 


off. 


Another unique feature is the S-Rlatch following the PWM comparator. This feature enables the output drivers to 
be turned off any time the PWM pulse is terminated. The latch is reset with each clock pulse. However, the PWM 
outputs will remain turned off for the duration of the period if the PWM comparator output is in a low-level state. 
The TL1525A. TL2525A, and TL3525A output stages feature NORlogic resulting in a low output for an off-state. 
The TL1527A, TL2527A, and TL3527A output stages feature OR logic resulting in a high-level output for an off- 
state. The output stages are totem-poledesigns capable of sourcing or sinking200 miliiamperes of output current. 


The TL1525A and TL1527A are characterized for operation over the full military temperature range of -55°C to 
125°C. The TL2525A and TL2527A are characterized for operation from - 25°C to 85 °C. The TL3525A and TL3527A 
are characterized for operation for 0°C to 70 °C. 


• 


Copyright © 1983 by Toxas Instruments Incorporated 
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TYPES TL1525A, TL1527A, TL2525A, TL2527A. TL3525A, TL3527A 
PULSE-WIDTH MODULATION CONTROLLERS 


functional block diagram (positive logic) 


DRE< 
5,11 


X 


SYNC 


rx 
-rui. 


REF "|_JJ 
or 
SYNC- 


rt- 


ct- 
7..7T- 
1 
1131 


COMPENSATION 


INVERTING 
HI 
INPUT 


NONINVERTING 121 
INPUT 


SHUTDOWN ^-il^vw- 


TL1525A. 
TL2S25A. 
TL3S2SA 
1 


TL1527A 
TL2527A 
TL3S27A 


| 
""OUTPUT A 


I 
lOUTPUTA 
| 


IOUTPUT B 


zn 
U2L vc 


loUTPUT A 
I r 


i_r 


O 
absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 
U 


6-154 


Supply voltage, Vqc (see Note 1) 
40 v 
Collector voltage. Vc 
4n v 
Logic input voltage range sync and shutdown 
_0.3Vto 5 5 V 
Analog input voltage range error amplifier inputs 
-0 3 Vto Vrr 
Output current, l0 
.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.. ...'. 500 mA 
Reference output current, Iref 
50 
A 
Current through Cj terminal 
-5 
a 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2) 
1000 mW 
Operating free-air temperature range:TL1525A, TL1527A 
-55°C to 125°C 
TL2525A. TL2527A 
]] [. -25°Cto 85°C 
TL3525A, TL3527A 
0°C to 70°C 
Operating virtual junction temperature range 
0oC t0 ^5Qoq 
Storage temperature range 
-65°C to 150°C 
Lead temperature 1.6 mm (1/16 inch) from casefor 60 seconds: J Package 
300°C 
Lead temperature 1,6 mm (1/16 inch) from casefor 10seconds: NPackage 
260°C 


NOTES: 1. All voltago valuesare with respect to notwork ground torminal. 
2. For operating abovo 25°C free-air temperature, see Dissipation Derating Curves. Figures 1and 2.In tho J package. TL1525A and TL1527A 
chips arealloy-mounted; TL2525A. TL2527A. TL3525A. and TL3527A chips areepoxy mounted. 
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TYPES TL1525A, TL1527A, TL2525A, TL2527A, TL3525A, TL3527A 
PULSE-WIDTH MODULATION CONTROLLERS 
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FIGURE 1 
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FIGURE 2 


recommended operating conditions 


PARAMETER 
TL1525A 
TL1527A 
TL2525A 
TL2527A 
TL3525A. 
UNIT 


MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


Supply voltage, VqC 
8 
35 
8 
35 
8 
35 


4.5 
35 
4.5 
35 
4.5 


Output current, Iq 
Steady state 
0 
±100 
0 
±100 
0 
±100 
mA 


Peak 
0 
±400 
0 
±400 
0 
±400 


Reference output curront. Iref 
0 
20 
0 
20 
0 
20 
mA 


Oscillator frequency range 
100 
500 
100 
500 
100 
500 


150 
kO 
Timing resistor, Ry 
Timing capacitor, Cj 
0.001 
0.1 
0.001 
0.1 
0.001 
0.1 
;.F 


Dead-time resistor, Rq 
0 
500 
0 
500 
0 


Operating free-air temperature range. T/\ 
-55 
125 
-25 
85 
0 
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TYPES TL1525A, TL1527A, TL2525A, TL2527A, TL3525A, TL3527A 
PULSE-WIDTH MODULATION CONTROLLERS 


electrical characteristics over recommended operating free-air temperature range, Vcc = 20V 
(unless otherwise noted) 


reference section 


PARAMETER 
TEST CONDITIONS 
TL1525A. TL1527A 


TL2525A. TL2527A 
TL3525A. TL3527A 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Output voltage 
Tj = 25°C 
5.05 
5.1 
5.15 
5 
5.1 
5.2 


V 
Vcc = 8 V to 35 V. 
lO = 0 to 20 mA 
5 
5.2 
4.95 
5.25 


Input regulation 
VCc = 8 V to 35 V 
14 
20 
14 
20 
mV 
Output regulation 
lO = 0 to 20 mA 
5 
50 
5 
50 
mV 
Output voltage change with 


temperature 
24 
50 
24 
50 
mV 


Output voltage long-term drift 


(see Note 3) 
After 1000 h at Tj = 125°C 
25 
50 
25 
50 
mV 


Output noise voltage (RMS) 
f = 10 Hz to 10 kHz, Tj = 25°C 
40 
200 
40 
200 
„V 
Short-circuit output current 
VQ = 0 V, Tj = 25°C 
80 
100 
80 
100 
mA 


oscillator section 


PARAMETER 
TEST CONDITIONS 


TL1525A. TL1527A 


TL2525A. TL2527A 
TL3525A. TL3527A 
UNIT 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
Maximum frequency 
RT = 2 kO, 
CT = 1 nF 
400 
400 
kHz 
Minimum frequency 
RT = 150 kQ, 
CT =0.1 pF 
100 
100 
Hz 


Initial frequency error 
RT = 3.6 kfl. 
Rrj = 0 n, 


CT = 0.1 pF. 
f . 
40 kHz, 


TA = 25°C 
i2% 
±6% 
±2% 
±6% 


Frequency change with 
supply voltage 
Vcc = 8 V to 35 V 
±0.3% 
±1% 
±1% 
±2% 


Frequency change with 


temperature 
TA = MIN to MAX 
±3% 
±6% 
±3% 
±6% 


Output amplitude at Pin 4 
RT = 3.6 kf), 
RD = 0 n, 


CT = 0.1 jiF. 
f = 40 kHz 
3 
3.5 
3 
3.5 
V 


Output pulse duration at Pin 4 
RT = 3.5 kO. 
RD = 0 f! 
CT = 0.1 pF. 
f = 40 kHz, 
Tj = 25°C 
0.3 
0.5 
1 
0.3 
0.6 
1 
pS 


Input throshold voltage at Pin 3 
1.2 
2 
2.8 
1.2 
2 
2.8 
V 


Current through Pin 5 due to 


internal current mirror 
Current through Pin 6 = 6 mA 
1.7 
2 
2.2 
1.7 
2 
2.2 


mA 


mA 


NOTE 
3: Since long-term drift cannot bomeasured ontheindividual devices prior toshipment, thisspecificatic 
It Is an engineeringestimate of the average drift to be expected fromlot to lot. 
5 not intended to be a guarantee or warranty- 


6-156 
Texas 
Instruments 


POST OFFICE BOX 225012 • 
DALLAS. TEXAS 75265 


TYPES TL1525A, TL1527A, TL2525A, TL2527A, TL3525A, TL3527A 
PULSE-WIDTH MODULATION CONTROLLERS 


electrical characteristics over recommended operating free-air temperature range, Vcc 
(unless otherwise noted) 


error amplifier section 


20 V 


PARAMETER 
TEST CONDITIONS 


TL1525A.TL1527A 


TL2525A. TL2527A 
TL3525A.TL3527A 
UNIT 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


High-level output voltage 
3.8 
5.6 
3.8 


Low-level output voltage 
0.2 
0.5 
0.2 


0.5 
5 


Input bias current 
1 
10 
1 
10 
/'A 


Input offset current 
1 
('A 


Open-loop voltage amplification 
RL > 10 M 
60 
75 
60 


Common-mode rejection ratio 
V|C = 1-5 V to 5.2 V 
60 
75 
60 


Supply voltage rejection ratio 


Gain-bandwidth product 
Vcc = 8 V to 35 V 
AV = 0 dB, 
Tj = 25°C 


50 
60 


1 
2 


50 


1 


60 


2 
MHz 


comparator section 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


Input threshold voltage 


Input bias current 


RT - 
3.6 kO. 


Rd = o n. 
CT - 10 nF. f - 40 kHz 


Duty cycle 
= 0% 
0.6 
0.9 


V 


pA 


Duty cycle 
= MAX 
3.3 


0.5 


3.6 


1 
in 


soft-start section 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


Soft-start voltage 
V| at Pin 10 - 2 V 
0.4 
0.6 
V 


Solt-start current 
V| at Pin 10 = 0 V 
pA 


Input current. Shutdown 
V| at Pin 10 - 2.5 V 
0.4 
1 
mA 


JO 


3 
O) 
CD 
CC 


output section 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


High-level output voltage 
Iqh = -20 mA 
18 
19 
V 
Iqh = - 10° mA 
17 
18 


Low-level output voltage 
Iql = 20 mA 
0.2 
0.4 
V 
Iql = 100 mA 
1 
2 


Under-voltage lockout voltage 
V| at Pins 8 and 9 • high 
6 
7 


Collector cutoff current (see Note 4) 
Vc • 35 V, Iq - 100 mA 
200 
pA 


Output pulse rise time 
CL = 1 nF, Tj - 25°C 
100 
600 
ns 


Output pulse fall timo 
CL = 1 nF, Tj - 25°C 
50 
300 
ns 


Shutdown delay time 
V| at Pin 10 = 3 V. 
capacitance at pin 8 = 0, Tj = 25°C 
0.2 
0.5 
pS 


NOTE 4: Collector cutoff curront spccificatie 


total device 


apply onlyfor the TL1525A. TL2525A. and TL3525A devices. 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


Minimum duty cycle 


Maximum duty cycle 


Standby current 
VCC = 35 V 
14 
20 
mA 


o 
> 
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TYPES TL1525A, TL1527A, TL2525A, TL2527A, TL3525A, TL3527A 
PULSE-WIDTH MODULATION CONTROLLERS 


10000 


1000 


100 


FIGURE 3 - 
OSCILLATOR SCHEMATIC DIAGRAM 


TYPICAL CHARACTERISTICS 


CHARGING TIME 
DISCHARGE TIME 
vs 
vs 
TIMING RESISTOR 
DEAD TIME RESISTOR 
1000 


100 


OSCILLATOR 
OUTPUT 


10 
100 
R-j—Timing Resistor-kI2 


FIGURE 4 


1000 
100 
200 
300 
400 
500 
RD-Dead Time Resistor-J2 


FIGURE 5 
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TYPES TL1525A, TL1527A, TL2525A, TL2527A. TL3525A, TL3527A 
PULSE-WIDTH MODULATION CONTROLLERS 


TYPICAL CHARACTERISTICS 


TL1525A OUTPUT SATURATION VOLTAGE 
ERROR AMPLIFIER OPEN-LOOP 
FREQUENCY RESPONSE 


\ 
Ci^ 
-Rl- 20kS2 


* 
\ 
Vcc = 20 V 
TA= 25°C 


i 
\ 


£ 
3 


O 
I 
O 


OUTPUT CURRENT 


1 
vi 
ta- 


i 
20 V 
25° C 


1 


y1 


-""•"Source Saturated, 


J 
f 
Sink Saturated 
1 
vol 


-20 
10 
100 
1k 
10 k 
100 k 


f—Frequency—Hz 


FIGURE 6 


1 M 
10M 
01 
±0.02 ±0.04 
±0.1 
0.2 
0.4 
0.7 
1 
Output Saturation Voltage-V 


vcc 
(15) 


INVERTING 
(1] 
INPUT — 


NONINVERTING 
(2) 
INPUT 


COMPENSATION 
(9) 
1 kfi 
—VvV 
Oi 


lV 


TO PWM 
COMPARATOR 


200 liA 
100 uAI 
5.8 V 


GND 
(12) 


Values shown are nominal 


FIGURE 8 
- 
ERROR AMPLIFIER SCHEMATIC DIAGRAM 
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TYPES TL1525A, TL1527A, TL2525A, TJi2527A, TL3525A, TL3527A 
PULSE-WIDTH MODULATION CONTROLLERS 


vcco 


ft? 


INTERNAL 
'• 


CONNECTIONS 


shutdown options 


< 


FIGURE 9 - 
OUTPUT CIRCUIT SCHEMATIC DIAGRAM 


TYPICAL APPLICATION DATA 


-o vc 


1. 
Use an external transistor or open-collector comparator to pull down on the Compensation terminal (Pin 9). This 
will set the PWM latchand turnoff bothdriver outputs.Ifthe shutdownsignal ismomentary, pulse-by-pulse protection 
will be accomplished as the PWM latch is reset with each clock pulse. 


2. 
The same results may be accomplishedby pulling down on the Soft-Start terminal (Pin 8) with the onlydifference 
being that on this pinshutdown will not affect the amplifier compensationnetwork, but must dischargeany soft- 
start capacitance. 


3. 
Application of a positive-going signal to the Shutdown terminal (Pin 10) will provide the most rapid shutdown of 
the driver outputs but will not immediately set the PWM latch if there is a capacitor at the Soft-Start terminal. The 
capacitor willdischarge but at a current twice the charging current. The PWM latch can be set on a pulse-by-pulse 
basis by the shutdown terminal if there is no external capacitance on the Soft-start terminal (Pin 8). Slow turn-on 
may still be accomplished by connecting an external capacitor, blocking diode, and charging resistor to the 
Compensation terminal (Pin 9). 
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TYPES TL1525A, TL1527A, TL2525A, TL2527A, TL3525A, TL3527A 
PULSE-WIDTH MODULATION CONTROLLERS 


vcc 


TYPICAL APPLICATION DATA 


TO 
OUTPUT FILTER 


For single-endedsupplies,the driver outputs are grounded. 
The Vq terminalisswitched to ground by tho totem-polo 
source transistors on the alternate oscillator cycles. 


FIGURE 10 - 
SINGLE-ENDED CIRCUIT 


Low-power transformers can be 
directly driven by the 
TL1525A. Automatic reset occurs during deadtime when 
both ends of tho primary winding are switched to ground. 


FIGURE 11 
- 
TRANSFORMER-COUPLED CIRCUIT 
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TYPES TL1525A, TL1527A, TL2525A, TL2527A, TL3525A, TL3527A 
PULSE-WIDTH MODULATION CONTROLLERS 


vcc 


Vcc 


TYPICAL APPLICATION DATA 


In conventional push-pullbipolardesigns, forward base drive 
is controlled by Ri —R3. Rapidturn-off times for the power 
devices are achieved withspeed-upcapacitorsCi and C2- 


FIGURE 12 - 
BIPOLAR PUSH-PULL CIRCUIT 


The low source impedance of the output drivers provides 
rapid 
charging of power FET input 
capacitance while 
minimizing external components. 


FIGURE 13 - 
LOW-IMPEDANCE BIPOLAR-DRIVE 


PUSH-PULL CIRCUIT 


6-162 
Texas 
Instruments 


POST OFFICE BOX 225012 • 
DALLAS. TEXAS 75265 


LINEAR 
INTEGRATED 
CIRCUITS 


• 
Power-On Reset Generator 


• 
Automatic Reset Generation After Voltage 
Drop 


• 
Wide Supply Voltage Range ... 1.8 V to 
40 V 


• 
Precision Voltage Sensor 


• 
Temperature-Compensated Voltage 
Reference 


• 
Externally-Adjustable Pulse Duration 


• 
Programmable Sense Voltage 


• 
Programmable Hysteresis 


TYPES TL7700I, TL7700C 
SUPPLY VOLTAGE SUPERVISORS 


D2812. DECEMBER 1983 


D OR P DUAL-IN-LINE PACKAGE 


(TOP VIEW) 
CtQi U 8QRESET OUT 
SENSE INPUT £ 2 
7 DNC 
NCQ3 
6 3NC 
GNDQ 4 
5 ] Vcc 


NC-No internal connection 


description 


The TL7700 is a monolithic integrated circuit supply voltage supervisor specifically designed for use as 
a reset controller in microcomputer and microprocessor systems. During power-up the device tests the 
supplyvoltageand keeps the RESET outputactive as longas the supplyvoltagehas not reached its nominal 
voltage value. The device internaltime delay is determinedby an external capacitor connected to the Ct 
input (pin 1). 


td = 105 x Cj 
Where: Ct is in farads (F), 
td is in seconds (s) 


The TL7700I is characterized for operation from -25°C to 85°C; the TL7700C is characterized from 
0°C to 70°C. 


absolute maximum ratings over operating free-air temperature (unless otherwise noted) 


Supply voltage, Vcc <see Note •) 
41 v 
Input voltage at SENSE 
-0.3 to 41 V 
Output current 
5 mA 
Operating free-air temperature range: TL7700I 
-25°C to 85 °C 
TL7700C 
0°C to 70°C 
Storage temperature range 
-65°C to 150 °C 


NOTE1: All voltage values aro with respect to the network ground terminal. 


recommended operating conditions 


MIN 
NOM 
MAX 
UNIT 


Supply voltage, Vqq 
1.8 
40 
v 


Low-level output current, Iol 
3 
mA 


Operating free-air temperature, T/\ 
TL7700I 
-25 
85 
°C 
TL7700C 
0 
70 
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Voltage Regulators 


LINEAR 
INTEGRATED 
CIRCUITS 


TYPES TL7702A, TL7705A, TL7709A, TL7712A, TL7715A 
SUPPLY VOLTAGE SUPERVISORS 


Power-On Reset Generator 


Automatic Reset Generation After Voltage 
Drop 


Wide Supply Voltage Range ... 3 V to 18 V 


Precision Voltage Sensor 


Temperature-Compensated Voltage Reference 


True and Complement Reset Outputs 


Externally Adjustable Pulse Width 


D2722, APRIL 1983-REVISED FEBRUARY 1984 


D OR P DUAL-INLINE PACKAGE 


(TOP VIEWI 


refQi U spvcc 
RESIN £ 7 
7 3 SENSE INPUT 
Ct £ 3 
6] RESET 
GNDC4 
5 3 RESET 


description 
The TL7702A series are monolithic integrated circuit supply voltage supervisors specifically designed for 
use as reset controllers in microcomputer and microprocessor systems. Duringpower-up the device tests 
the supply voltage and keeps the RESET and RESET outputs active (high and low, respectively) as long 
as the supply voltage has not reached its nominal voltage value. Taking RESIN low has the same effect. 
To ensure that the microcomputer system has reset, the TL7702A then initiates an internal time delay 
that delays the return of the reset outputs to their inactive states. Since the time delay for most 
microcomputers and microprocessors is in the order of several machine cycles, the device internal time 
delay is determined by an external capacitor connected to the Ct input (pin 3). 


td = 1.3 x 104 x Ct 
Where: Ct is in farads (F) and td is in seconds(s) 


In addition, when the supply voltage drops below the nominal value, the outputs will be active until the 
supply voltage returns to the nominal value. An external capacitor (typically 0.1 /jF) must be connected 
to the REF output (pin 1) to reduce the influence of fast transients in the supply voltage. 


The TL7702AI series is characterized for operation from -25°C to 85°C; the TL7702AC series is 
characterized from 0°C to 70 °C. 


functional block diagram 


Vrr l81 


' 


t_S\ 100 ;,A 
~ 
REFERENCE 
VOLTAGE 


rvr <3) 
? 
, 
J K 
ffl 


SENSE 17) 


i 
k> 


:R1 
•(See Noto A) 
_J\ Ty3 


I 


y 
—1 
(5) 


R2 
'(See Noto AI 


<-&T- 
id 


GND ,4> 
1 
1 


TL7702A: Rl 
- 
0 0. R2 
= open 
TL7705A: Rl 
=7.8 kQ, R2 
= 10 ktl 
TL7709A: Rl 
= 19.7 kO. R2 
- 
10 ktl 
TL7712A: R1 
= 32.7 kQ. R2 • 
10 kQ 
TL7715A: Rl 
= 43.4 kQ. R2 
= 10 kO 
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TYPES TL7702AJL7705A. TL7709A, TL7712A, TL7715A 
SUPPLY VOLTAGE SUPERVISORS 


absolute maximum ratings over operating free-air temperature (unless otherwise noted) 


Supply voltage, Vcc (see Note 1) 
20 V 
Input voltage range at RESIN 
-0.3 V to 20 V 
Input voltage at SENSE: 
TL7702A (see Note 2) 
- 0.3 V to 6 V 
TL7705A 
- 0.3 V to 10 V 
TL7709A 
- 0.3 V to 15 V 
TL7712A 
-0.3 V to 20 V 
TL7715A 
-0.3 V to 20 V 
High-level output current at RESET 
-30 mA 
Low-level output current at RESET 
30 mA 
Operating free-air temperature range: 
TL77_I 
-25°C to 85°C 
TL77_C 
0°C to 70°C 
Storage temperature range 
-65°C to 150°C 


NOTES: 1. 
All voltage values are with rospect to the network ground terminal. 
2. Forthe TL7702A, tho voltago applied to the SENSE terminal must nevor exceedVqq. 


recommended operating conditions 


MIN 
NOM 
MAX 
UNIT 
Supply voltage, Vqq 
3.6 
18 
V 
High-level input voltage at RESIN, V|h 
2 
V 
Low-level input voltage at RESIN. V\[_ 
0.6 
V 


Voltage at sense input. V|: 


TL7702A 
0 
Seo Noto 3 


V 


TL7705A 
0 
10 


TL7709A 
0 
15 


TL7712A 
0 
20 


TL7715A 
0 
20 
High-level output current at RESET, Iqh 
- 16 
mA 
Low-level output current at RESET. Iql 
16 
mA 


Operating free-air temperature range. T/^: 
TL77_I 
-25 
85 
°C 
TL77_C 
0 
70 


NOTE3: For proper operation of the TL7702A, the voltage applied to the SENSEterminal should not exceed Vqc ~ 1 V or 6 V, whichever 


is less. 
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TYPES TL7702A. TL7705A, TL7709A, TL7712A, TL7715A 
SUPPLY VOLTAGE SUPERVISORS 


electrical characteristics over recommended ranges of supply voltage, input voltage, output current, 
and free-air temperature (unless otherwise noted) 


PARAMETER 
TEST CONDITIONS' 
MIN 
TYP 
MAX 
UNIT 


VOH 
High-level output voltage at RESET 
lOH = ~16 mA 
Vcc-1.6 
V 


vol 
Low-level output voltage at RESET 
lOL = 16 mA 
0.4 
V 


Vref 
Reference voltage 
TA = 25 °C 
2.48 
2.53 
2.58 
V 


vT 
Threshold voltage 


at SENSE input 


I L7 702 A 


Vqc • 
3.6 V to 18 V 


TA = 25°C 


2.48 
2.53 
2.58 


V 


TL7705A 
••- 
5 
4.55 
4.6 


TL7709A 
7.5 
7.6 
7.7 


TL7712A 
10.6 
10.8 
11 


TL7715A 
13.2 
13.5 
13.8 


V-r+ - Vy_ 
Hysteresis1 at SENSE input 


TL7702A 


VCc 
" 3-6 V to 18 V. 
TA = 25°C 


10 


mV 


TL7705A 
15 


TL7709A 
20 


TL7712A 
35 


TL7715A 
45 


l| 
Input current at RESIN input 
V| = 2.4 V to Vcc 
20 
pA 
V| 
= 0.4 V 
-100 


l| 
Input current at SENSE input 1 TL7702A 
Vref < V, < VCC -1.8 V 
0.5 
2 
HA 


'OH 
High-level output current at RESET 
V0 = 18V 
50 
pA 


"OL 
Low-level output current at RESET 
Vo =o 
-50 
pA 


ice 
Supply current 
All inputs and outputs open 
1.8 
3 
mA 


'All characteristics aro measuiod with C ' 
0.1 »f from Pin 1 to GND. and with C = 0.1 »iF from Pin 3 to GND. 
:Hystorosis is the difference botween tho positive-going input threshold voltage. V-j ,. and tho negative-goinginput threshold voltago. Vf-. 


TYPICAL CHARACTERISTICS 


RESIN 
RESET 


CT 
REF 
GND 
J~ 
I1-' 
141 


.. 
M, 


SYSTEM RESET 


1.3 X 10* 


FIGURE 1-MULTIPLE POWER SUPPLY SYSTEM RESET GENERATION 
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TYPES TL7702AJL7705A, TL7709A. TL7712A, TL7715A 
SUPPLY VOLTAGE SUPERVISORS 


TYPICAL APPLICATION DATA 


Vcc = +5 V 


GND 


CTIF) = 
td<s> 


FIGURE 2-RESET CONTROLLER FOR TMS9940 SYSTEM 


VCC -«v 


GND 


' 
I 
1 1 


181 
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vcc 
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(7) 
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RESET 


RESIN 


Ct 
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INIT 
(21 


13) 
111 


VDD 
kcT 
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[•nO.1 iiF 
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CT(F) = 
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FIGURE 3-RESET CONTROLLER FOR TMSIOOO 
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LINEAR 
INTEGRATED 
CIRCUITS 


150-mA Load Current Without External Power 
Transistor 


Typically 0.02% Input Regulation and 
0.03% Load Regulation (uA723M) 


Adjustable Current Limiting Capability 


Input Voltages to 40 Volts 


Output Adjustable from 2 to 37 Volts 


Direct Replacement for Fairchild /iA723M and 
,<A723C 


description 


The UA723M and uA723C are monolithic integrated 
circuit 
voltage 
regulators 
featuring 
high 
ripple 
rejection, excellent input and load regulation, excellent 
temperature stability, and low standby current. The 
circuit 
consists 
of 
a 
temperature-compensated 
reference voltage amplifier, 
an error amplifier, 
a 
1 50-milliampere output transistor, and an adjustable 
output current limiter. 


The uA723M and uA723C are designed for use in positive or negative power supplies as a series, shunt, switching, 
or floating regulator. For output currents exceeding 150 mA, additional pass elements may be connected as shown 
in Figure 4 and 5. 


The uA723M is characterized for operation over the fullmilitary temperature range of - 55 °C to 125 °C. The uA723C 
is characterized for operation from 0°C to 70 °C. 


functional block diagram 


TEMPERATURE 


COMPENSATED 
REFERENCE 


DIODE 


CURRENT 


SOURCE 


vcc 


-V(,ef) 


vcc- 


NON- 
INVERTING 


INPUT 


TYPES UA723M, uA723C 
PRECISION VOLTAGE REGULATORS 


D1063, AUGUST 1972-REVISED DECEMBER 1982 


uA723M ... J PACKAGE 


UA723C ... J OR N PACKAGE 


(TOP VIEW) 
NCQl LJl4p NC 
CURR LIM £ 2 
13I] FREQ COMP 
CURR SENSE 3 
IN- £i 
IN+ £ 5 
V(ref) C 6 
VCC-C? 


12HVCC + 
111VC 
10 3 OUTPUT 
9DVZ 
8lNC 


uA723M . . . U PACKAGE 


(TOP VIEW) 


CURR SENSC»1 
IN- £2 
IN+ £ 3 
V|ref) L 4 
VCC-C 5 


10 3 CURR LIM 
9 3 FREQ COMP 
8 3 vcc + 
7DVC 
6 3 OUTPUT 


NC-No Inlornal connociion 


FREQUENCY 
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TYPES uA723M. uA723C 
PRECISION VOLTAGE REGULATORS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Peak voltage from Vcc+ to VcC- (tw < 50 ms) 
50 V 
Continuous voltage from Vcc+ to VcC— 
40 V 
Input-to-output voltage differential 
40 V 
Differential input voltage to error amplifier 
±5 V 
Voltage between noninverting input and VcC— 
8 V 
Current from Vz 
25 mA 
Current from V(ref) 
15 mA 
Continuous total dissipation at (or below) 25 C free-air temperature (see Note 1): 
J or N package 
1000 mW 
U package 
675 mW 
Operating free-air temperature range: uA723M Circuits 
—55°Cto125°C 
uA723C Circuits 
0°C to 70°C 
Storage temperature range 
—65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds, J or U package 
300°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds, N package 
260°C 


NOTE I: 
Power dissipation = U(standbyl + '(ref)' Vcc + 'VC " Vol 'o- Foroperation at elevated temperaturo, refer to DissipationDerating Table. In 
the J package. uA723M chips are alloy-mounted; UA723C chips are glass-mounted. 


recommended operating conditions 


MIN 
MAX UNIT 
Input voltage. V| 
9.5 
40 
V 
Output voltage, Vq 
2 
37 
V 
Input-to-output voltage differential, Vc —Vo 
3 
38 
V 
Output current, lo 
150 
mA 


electrical characteristics at specified free-air temperature (see Note 2) 


PARAMETER 
TEST corv DITIONS1 
uA723M 
UA723C 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Input regulation 


V| = 12 V to V| = 15 V 
25 
C 
0.01% 
0.1% 
0.01% 
0.1% 


V| = 12 V to V| = 40 V 
25 
C 
0.02% 
0.2% 
0.1% 
0.5% 


V| 
•= 12V to V| =• 15 V 
Full range 
0.3% 
0.3 
, 


Ripple rejection 
f = 50 Hz to 10 kHz. 
c(ref) = ° 
25° C 
74 
74 
dB 
f = 50 Hz to 10 kHz, 
C(ref) *5»iF 
25° C 
86 
86 


Output regulation 
Iq " 1 rnA to lo " 50 mA 
25° C 
-0.03% -0.15% 
-0.03% 
-0.2% 


Full range 
-0.6% 
-0.6% 
Reference voltage, V(ref) 
25°C 
6.95 
7.15 
7.35 
6.8 
7.15 
7.5 
V 


Standby current 
V| = 30V. 
io*o 
25"C 
2.3 
3.5 
2.3 
4 
mA 


Temperature coefficient ol 


output voltage 
Full range 
0.002 
0.015 
0.003 
0.015 
%/°C 


Short-circuit 


output current 
RSC"10". 
v0 = o 
25°C 
65 
65 
mA 


Output noise voltage 
BW » 100 Hz to 10 kHz, 
C(ref) • 0 
25°C 
20 
20 
PV 
BW= 100 Hz to 10 kHz, 
C(ref) "5*iF 
25°C 
2.5 
2.5 


'Full range for uA723M is -55° C to 125°C and for uA723C Is 0°C to 70°C. 
NOTE 2: 
For all values In this table tho device is connected ns shown In Figuro 1 with tho divider resistance as soon by the 
< 10 kn. Unless otherwiso specifiod, V| = VCCl = Vc - 12 V, Vcc_ - 0, V0 - 5 V, l0 - 1 mA, Rsc - O,and C(rol) 
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schematic 


V(ref) 


TYPES UA723M, uA723C 
PRECISION VOLTAGE REGULATORS 


NON- 
Vcc- 
INVERTING 
INVERTING 
INPUT 
INPUT 


vcc+ 
vc 


CURRENT 
SENSE 


RESISTOR AND CAPACITOR VALUES SHOWN ARE NOMINAL. 


DISSIPATION DERATING TABLE 


POWER 
DERATING 
ABOVE 
POWER 
RATING 
FACTOR 
TA 
J (Alloy-Mounted Chip) 
1000 mW 
11.0mW/°C 
59° C 


J (Glass-Mounted Chip) 
1000mW 
8.2mW/°C 
28° C 


N 
1000mW 
9.2mW/°C 
41°C 


U 
675 mW 
5.4mW/"C 
25°C 


to 


to 


3 
Ui 
03 
CC 


03 
Ui 
CO 


o 
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TYPES uA723M, uA723C 
PRECISION VOLTAGE REGULATORS 


TYPICAL APPLICATION DATA 


TABLE 1 


RESISTOR VALUES (kn) FOR STANDARD OUTPUT VOLTAGES 


FIXED 
OUTPUT 
FIXED 
OUTPUT 


APPLICABLE 
OUTPUT 
ADJUSTABLE 
OUTPUT 
APPLICABLE 
OUTPUT 
ADJUSTABLE 


VOLTAGE 


(V) 


FIGURES 


(SEE NOTE 3) 


±5% 
±10% (SEE NOTE 4) 
VOLTAGE 


(V) 


FIGURES 


(SEE NOTE 3) 


t 5% 
i10% (SEE NOTE 4) 


R1 
R2 
R1 
PI 
R2 
R1 
R2 
R1 
P1 
R2 


(kn) 
(kn) 
(kn) 
(kn) 
(kn) 
(kn) 
(kn) 
(kn) 
(kn) 
(kn) 


+3.0 
1.5,6,9, 11, 


12(4) 


4.12 
3.01 
1.8 
0.5 
1.2 
+ 100 
7 
3.57 
105 
2.2 
10 
91 


+3.6 
1,5,6,9, 11, 
12(4) 


3.57 
3.65 
1.5 
0.5 
1.5 
+250 
7 
3.57 
255 
2.2 
10 
240 


+5.0 
1,5,6,9.11. 
12(4) 


2.15 
4.99 
0.75 
0.5 
2.2 
-6 (Note 5) 
3.(10) 
3.57 
2.43 
1.2 
0.5 
0.75 


+6.0 
1,5,6,9,11. 
12(4) 


1.15 
6.04 
0.5 
0.5 
2.7 
-9 
3. 10 
3.48 
5.36 
1.2 
0.5 
2.0 


+9.0 
2, 4, (5,6. 
9,12) 


1.87 
7.15 
0.75 
1.0 
2.7 
-12 
3,10 
3.57 
8.45 
1.2 
0.5 
3.3 


+ 12 
2. 4, (5, 6, 


9, 12) 


4.87 
7.15 
2.0 
1.0 
3.0 
-15 
3,10 
3.57 
11.5 
1.2 
0.5 
4.3 


+ 15 
2. 4, (5,6, 
9.12) 


7.87 
7.15 
3.3 
1.0 
3.0 
-28 
3. 10 
3.57 
24.3 
1.2 
0.5 
10 


+28 
2, 4, (5. 6. 
9,12) 


21.0 
7.15 
5.6 
1.0 
2.0 
-45 
8 
3.57 
41.2 
2.2 
10 
33 


+45 
7 
3.57 
48.7 
2.2 
10 
39 
-100 
8 
3.57 
95.3 
2.2 
10 
91 


+75 
7 
3.57 
78.7 
2.2 
10 
68 
-250 
8 
3.57 
249 
2.2 
10 
240 


TABLE II 
FORMULAS FOR INTERMEDIATE OUTPUT VOLTAGES 


Outputs from +2 to +7 volts 
[Figures1,5. 6. 9, 11, 12. (4)) 


vo =v<-"x^TTii" 


Outputs from +4 to +250 volts 
[Figure 71 
Vo.Vl£2fLxR2-R1 


w 
1 
PI 


Current Limiting 


0.65 V 
'(limit! a—Z 


Outputs from +7 io +37 volts 
[Figures 2, 4, (5, 6, 9, 11, 12)] 


Outputs from -6 to -250 volts 
[Figures 3. 8, 101 


Foldback Current Limiting 
[Figure 61 


V0-V(fe|) X 
V(r..(l 
R1 + R2 
° 
2 
R1 


'(knee) 


•OS" 


NOTES: 
3. 
Tha R1/R2 dlvidor may bo across either Vq or V(ref). If the divider i» across V(re<) and 
uses figure! without parentheioi, uie figures with parentheses when tho divider is acrosi 


4. 
To make tho voltogo adjustablo, tho R1/R2 divider shown In tho figuros must be replaced 
by tho divider shown at tha right. 
5. Tho device requires a minimum of 9 V between Vcc+ and Vcc_ when V0 Is oquol to or 
more positlvo than —9 V. 


VpR3 * (R3 + R4) 0.65 V 


RSCR4 


0.65 V 
R3+R4 


R4 


ADJUSTABLE OUTPUT CIRCUITS 
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TYPES uA723M, uA723C 
PRECISION VOLTAGE REGULATORS 


TYPICAL APPLICATION DATA 


C(„f) 


REGULATED 
OUTPUT, Vq 


NOTES 
"VO- 


ny be eliminated for minimum 
component count. 
Use 
direct con 
nection (I.e.. R3 - 0). 


FIGURE 1-BASIC LOW-VOLTAGE REGULATOR 
(V0 - 2 TO 7 VOLTS) 


^rm 


:,;!: 


Vcc- 
vc 
OUT 


Vlr.fi 
VZ 


CL 


N0N- 
INV 
INV 
INV 
VCC- 
COMP 
^1 


REGULATED 
OUTPUT, V0 


FIGURE 3-NEGATIVE-VOLTAGE REGULATOR 


vcc 
V(,sf) 
Vc 
OUT 


VCC- 
COMP 
T 


?RSC 
-I-o" 
EGULATED 
OUTPUT, V0 


FIGURE 5-POSITIVE-VOLTAGE REGULATOR 
(EXTERNAL P-N-P PASS TRANSISTOR) 


VCC 


V(r.l| 


NON 


INV 


T 


NOTES: 
A. 
R3 
- 
"VO- 


B. 
R3 may bo eliminated for minimum 
component 
count. 
Uso 
direct con 
nection (I.e.. R3 - 0). 


FIGURE 2-BASIC HIGH-VOLTAGE REGULATOR 
(V0 = 7 TO 37 VOLTS) 


REGULATED 
OUTPUT, V0 


FIGURE 4-POSITIVE-VOLTAGE REGULATOR 
(EXTERNAL N-P-N- PASS TRANSISTOR) 


RSC 
REGULATED 
*W<> OOUTPUT, Vq 


FIGURE 6-FOLDBACK CURRENT LIMITING 


to 


3 
Ui 
03 
CC 


03 
O) 
CO 
*± 


O 
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TYPES uA723M, uA723C 
PRECISION VOLTAGE REGULATORS 


TYPICAL APPLICATION DATA 


V| 


NOTE A: 
Current limit transistor may b» used for shutdown 


If current limiting Is not required. 


FIGURE 11-REMOTESHUTDOWN REGULATOR WITH 
CURRENT LIMITING 


FIGURE 12-SHUNT REGULATOR 


NOTES: 5. Thedovico roqulres a minimum of9 Vbetwoen Vcc+andVcc_ when V0 isequal toor moro positive than -9 V. 
6. When 10-leod uA723 devices aroused in applications requiring Vz.an oxternal 6.2V regulator diodemustboconnectod inseries 


with the Vn terminal. 
. 
. 
7. L Is40 turnsof No. 20 enameled copper wirewound on Ferroxcubo P36/22-3B7 pottedcoro. or equivalent, with0.009-inch air 


gap. 
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LINEAR 
INTEGRATED 
CIRCUITS 


3-Terminal Regulators 


Output Current up to 1.5 A 


No External Components 


Internal Thermal Overload Protection 


High Power Dissipation Capability 


Internal Short-Circuit Current Limiting 


Output Transistor Safe-Area Compensation 


Direct replacements for Fairchild liA7800 Series 


description 


This 
series of fixed-voltage monolithic integrated- 
circuit voltage regulators is designed for a wide range 
of applications. These applications include on-card 
regulation for elimination of noise and distribution 
problems associated with single-point regulation. Each 
of these regulators can deliver up to 1.5 amperes of 
output current. The 
internal current 
limiting and 
thermal shutdown features of these regulators make 
them essentially immune to overload. In addition to 
use as fixed-voltage regulators, these devices can be 
used with external components to obtain adjustable 
output voltages and currents and also as the power- 
pass element in precision regulators. 


schematic 


Resistor values shown are nominal and in ohms. 


SERIES uA7800 
POSITIVE-VOLTAGE REGULATORS 


D2154, MAY 1976-REVISED DECEMBER 1982 


NOMINAL 


OUTPUT 
REGULATOR 


VOLTAGE 


5 V 
UA7805C 


6 V 
UA7806C 


8 V 
UA7808C 


8.5 V 
uA7885C 


10V 
UA7810C 


12 V 
UA7812C 


15 V 
uA7815C 


18 V 
uA7818C 


24 V 
uA7824C 


KCPACKAGE 


(TOP VIEW) 


THE COMMON TERMINAL IS IN 
ELECTRICAL CONTACT WITH 
THE MOUNTING BASE 


TO-220AB 


OCOMMON 


to 


_co 


3 
Ui 
03 
CC 


0) 
Ui 
CO 


o 
> 


Copyright © 1982 by Toxos Instruments Incorporated 
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SERIES UA7800 
POSITIVE-VOLTAGE REGULATORS 


absolute maximum ratings over operating temperature range (unless otherwise noted) 


uA78 
C 
UNIT 


Input voltage 
uA7824C 
40 
V 
All others 
3 b 


Continuous total dissipation at 25°C free-air temperature (see Note 1) 
2 
W 


Continuous total dissipation at (or below) 25°C case temperature (see Note 1) 
15 
W 


Operating free-air. case, or virtual junction temperature range 
Oto 150 
°C 


Storage temperature range 
-65 to 150 
°C 


Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 
260 
°c 


NOTE 1: For operation above 25°C free-air or case temperature, refer to Figures 1 and 2. To avoid excoeding the design maximum virtual junction temperature, 
these ratings should not be exceeded. Due to variations in individual device electrical characteristics and thermal resistance, the built-in thermal overioad 
protection may be activated ot power levels slightly above or below tho rated dissipation. 


FREE-AIR TEMPERATURE 


DISSIPATION DERATING CURVE 


CASE TEMPERATURE 


DISSIPATION DERATING CURVE 
2000 


=: 
1800 
E 
1600 
o 


a. 
1400 


Q 
1200 


3 
O 
moo 
< 
3 


o 
800 


O 
03 
600 
Cfi 
b 
CD 
E 
400 
73 


X 


CD 
i 
200 
CQ 
C 
0 


03 


S~2 
\ 


16mW/°r. 
\ 
R0JA= 62.5°CAV 
\ 


50 
75 
100 
125 
150 


Ta—Free-Air Temperature— C 


FIGURE 1 


recommended operating conditions 


\ 
~\ 


Derating factor = 0.25 W/°C 


a bo 
R0JC^ 


ve 90°C 
4°C/W 


2 


25 
50 
75 
100 
125 
150 
TQ-Case Temperature- C 


to 


MIN 
MAX 
UNIT 


Input voltage, V| 


uA7805C 
7 
25 


V 


UA7806C 
8 
25 


uA7808C 
10.5 
25 


uA7885C 
10.5 
25 


UA7810C 
12.5 
28 


uA7812C 
14.5 
30 


uA7815C 
17.5 
30 


UA7818C 
21 
33 


uA7824C 
27 
38 


Output current, lo 
1.5 
A 


Operating virtual junction temperature, Tj 
0 
125 
°C 
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TYPES UA7805C, uA7806C 
POSITIVE-VOLTAGE REGULATORS 


uA7805C electrical characteristics at specified virtual junction temperature, 
Vj =10V, Iq =500 mA (unless otherwise noted) 


PARAMETER 
TEST CONDITIONS* 
UA7805C 
UNIT 
MIN 
TYP 
MAX 


Output voltage 


25°C 
4.8 
5 
5.2 


V 
Iq * 5 mA to 1 A, 


P •. 15 W 


V| •» 7 V to 20 V, 
0°Cto 125°C 
4.75 
5.25 


Input regulation 
V| = 7 V to 25 V 
25° C 
3 
100 
mV 
V| =8 V to 12 V 
50 


Ripple rejection 
V| =8 V to 18 V. 
f- 120 Hz 
0°Cto125°C 
62 
78 
dB 


Output regulation 
Iq • 5 mA to 1.5 A 
25° C 
15 
100 
mV 
lO - 250 mA to 750 mA 
5 
50 


Output resistance 
f - 
1 kHz 
0°Cto 125°C 
0.017 
P. 


Temperature coefficient 


of output voltage 
lO • 5 mA 
0°Cto 125°C 
-1.1 
mV/°C 


Output noise voltage 
f - 
10 Hz to 100 kHz 
25° C 
40 
uV 


Dropout voltage 
lO-l A 
25° C 
2.0 
V 


Bias current 
25° C 
4.2 
8 
in A 


Bias current change 
V| 
• 7 V to 25 V 
0°C to 125°C 
1.3 
mA 
Iq • 5 mA to 1 A 
0.5 


Short-circuit output current 
25° C 
750 
mA 


Peak ouiput current 
25° C 
2.2 
A 


uA7806C electrical characteristics at specified virtual junction temperature, 
V| =11 V, Iq =500mA (unless otherwise noted) 


PARAMETER 
TEST CONDITIONS* 
UA7806C 
UNIT 
MIN 
TYP 
MAX 


Output voltage 


25° C 
5.75 
6 
6.25 


V 
l0 = 5mAto1A, 
V|-8 Vto 21V, 


P< 15W 
0°Cto125°C 
5.7 
6.3 


Input regulation 
V| - 8 V to 25 V 
25° C 
5 
120 
mV 
V| ^9 V to 13 V 
1.5 
60 


Ripple rejection 
V]=9Vto19V, 
f- 120 Hz 
0°Cto125°C 
59 
75 
dB 


Output regulation 
lO " 5 mA to 1.5 A 
25° C 
14 
120 
mV 
lO • 250 mA to 750 mA 
4 
60 


Output resistance 
f = 1 kHz 
0°Cto 125°C 
0.019 
P. 


Temperature coefficient 


of output voltage 
lO = 5 mA 
0°Cto 125°C 
-0.8 
mV/°C 


Output noise voltage 
f = 10 Hz to 100 kHz 
25° C 
45 
pV 


Dropout voltage 
l0=l A 
25° C 
2.0 
V 


Bias current 
25° C 
4.3 
8 
mA 


Bias current change 
V| 
8 Vto 25 V 
0°C to 125°C 
1.3 
mA 
Iq = 5 mA to 1 A 
0.5 


Short-circuit output current 
25° C 
550 
mA 


Peak output current 
25°C 
2.2 
A 


'All characteristics are measured with a capacitor across tho Input of 0.33 uF and a capacitor across the output of 0.1 uF. All character 
istics except nolso voltago ond ripplo rojoctlon ratio oro moasurod using pulso tochnlques (tw < 10 ms. duty cycle < 5%). Output voltage 
changes duo to changes in Intornal tomporoture must bo takon Into account separately. 
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TYPES UA7808C, uA7885C 
POSITIVE-VOLTAGE REGULATORS 


uA7808C electrical characteristics at specified virtual junction temperature, 
V| = 14V, Iq = 500 mA (unless otherwise noted) 


PARAMETER 
TEST CONDITIONS* 
UA7808C 
UNIT 
MIN 
TYP 
MAX 


Output voltage 


25° C 
7.7 
8 
8.3 


V 
IO = 5mAto1A. 
V| • 10.5 V to 23 V, 


P< 15W 
0°Cto125°C 
7.6 
8.4 


Input regulation 
V| = 10.5 V to 25 V 
25° C 
6 
160 
mV 
V| = 11 Vto 17V 
2 
80 


Ripple rejection 
V| = 11.5V io 21.5 V, 
f=120Hz 
O'Cto 125CC 
56 
72 
dB 


Output regulation 
lO = 5 mA to 1.5 A 
25° C 
12 
160 
mV 
lO • 250 mA to 750 mA 
4 
80 


Output resistance 
f» 1 kHz 
0 
C to 125 
C 
0.016 
n 


Temperature coefficient 


of output voltage 
lO • 5 mA 
0°Cto125°C 
-0.8 
mVfC 


Output noise voltage 
f = 10 Hz to 100 kHz 
25° C 
52 
uV 


Dropout voltage 
10=1 A 
25° C 
2.0 
V 


Bias current 
?r> 
c 
4.3 
8 
mA 


Bias current change 
V| • 10.5 V to 25 V 
0°Cto 125°C 
1 
mA 
Iq • 5 mA to 1 A 
0.-3 


Short-circuit output current 
25° C 
450 
mA 


Peak output current 
25" C 
2.2 
A 


uA7885C electrical characteristics at specified virtual junction temperature, 
Vi= 15V, Iq =500 mA (unless otherwise noted) 


PARAMETER 
TEST CONDITIONS* 
uA7835C 
UNIT 
MIN 
TYP 
MAX 


Output voltage 


25° C 
8.15 
8.5 
8.85 


V 
l0 = 5mAto1A, 
V| • 11 Vto 23.5 V. 


P< 15W 
0°Cto 125°C 
8.1 
8.9 


Input regulation 
V| = 10.5 V to 25 V 
25° C 
6 
170 
mV 
V| = 11 V to 17 V 
2 
85 


Ripple rejection 
V| = 11.5 V to 21.5 V. 
f=120Hz 
03C to 125aC 
54 
70 
dB 


Output regulation 
lO = 5 mA to 1.5 A 
25" C 
12 
170 
mV 
lO • 250 mA to 750 mA 
4 
85 


Output resistance 
f = 1 kHz 
0°Cto 125°C 
0.016 
n 


Temperature coefficient 


of output voltage 
lO • 5 mA 
0°Cto125°C 
-0.8 
mV/°C 


Output noise voltage 
f = 10 Hz to 100 kHz 
35 
C 
55 
MV 


Dropout voltage 
lO = * A 
25° C 
2.0 
V 


Bias current 
25° C 
4.3 
8 
mA 


Bias current change 
V| = 10.5 V to 25 V 
0°C to 125°C 
1 
mA 
Iq.= 5 mA to 1 A 
0.5 


Short-circuit output current 
25" C 
450 
mA 


Peak output current 
25" C 
2.2 
A 


'All characteristics aro measured with a capacitor across the Input of 0.33 pF ond a capacitor across tho output of 0.1 uF. All character 
istics except noiso voltage and rlpplo rejection ratio ore moasured using pulso techniques (tw < 10 ms, duty cyclo < 5%). Output voltago 
changes duo to changes in internol temperature must bo takon into account separately. 
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TYPES UA7810C, uA7812C 
POSITIVE-VOLTAGE REGULATORS 


uA7810C electrical characteristics at specified virtual junction temperature, 
Vj =17V, Iq =500 mA (unless otherwise noted) 


PARAMETER 
TEST CONDITIONS* 
UA7810C 
UNIT 
MIN 
TYP 
MAX 


Output voltage 


25° C 
9.6 
10 
10.4 


V 
IO = 5mAto1A, 
V| = 12.5 V to 25 V, 


P< 15W 
0°Cto125°C 
9.5 
10 
10.5 


Input regulation 
V| - 12.5 V to 28 V 
25° C 
7 
200 
mV 
V| » 14 V to 20 V 
2 
100 


Ripple rejection 
V| • 13 Vto 23 V. 
f - 120 Hz 
0°Cto 125°C 
55 
71 
dB 


Output regulation 
lO n 5 mA to 1.5 A 
25° C 
12 
200 
mV 
lO " 250 mA to 750 mA 
•i 
100 


Output resistance 
f - 
1 kHz 
0°C to 125°C 
0.018 
a 


Temperature coefficient 


of output voltage 
Iq = 5 mA 
0°Cto125°C 
-1.0 
mV/°C 


Output noise voltage 
f = 10 Hz to 100 kHz 
25°C 
70 
UV 


Dropout voltage 
IO-.1 A 
25" C 
2.0 
V 


Bias current 
25° C 
4.3 
8 
mA 


Bias current change 
V| - 12.5 V to 28 V 
0°C to 125°C 
1 
mA 
Iq " 5 mA to 1 A 
0.5 


Short-circuit outpul current 
25°C 
400 
mA 


Peak output current 
25" C 
2.2 
A 


uA7812C electrical characteristics at specified virtual junction temperature, 
V.= 19V, Iq =500mA (unless otherwise noted) 


PARAMETER 
uA7812C 
UNIT 
MIN 
TYP 
MAX 


Output voltage 


25' C 
11.5 
12 
12.5 


V 
l0 = 5mAto1A, 
V| • 14.5 V to 27 V. 


P< 15W 
0°C to 125°C 
11.4 
12.6 


Input regulation 
V| = 14.5 Vto 30 V 
25°C 
10 
240 
mV 
V| = 16 V to 22 V 
3 
120 


Ripple rejection 
V| = 15Vto25V, 
(=120 Hz 
0"C to 125°C 
55 
71 
dB 


Output regulation 
Iq = 5 mA to 1.5 A 
25°C 
12 
240 
mV 
Iq = 250 mA to 750 mA 
4 
120 


Output resistance 
f - 
1 kHz 
0°Cto125°C 
0.018 
n 


Temperature coefficient 


of output voltage 
lO • 5 mA 
0°C to 125°C 
-1.0 
mV/°C 


Output noise voltage 
f » 10 Hz to 100 kHz 
25" C 
75 
pV 


Dropout voltage 
l0 = 1 A 
25° C 
2.0 
V 


Bias current 
25° C 
4.3 
8 
mA 


Bias current change 
V| 
=• 14.5 V to 30 V 
0°Cto 125°C 
1 
mA 
Iq - 5 mA to 1 A 
0.5 


Short-circuit output current 
25" C 
350 
mA 


Peak output current 
25" C 
2.2 
A 


'All characteristics aro measured with a capacitor across tho input of 0.33 uF ond a caoacltor across the output of 0.1 uF. All c 
istlcs excopt noise voltage and rlpplo rejection ratio are measured using pulso techniques (tw < 10 ms, duty cycle < 5%). Outpu 
changos duo to changes in internal temperaturo must be taken Into account separately. 
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TYPES UA7815C, uA7818C 
POSITIVE-VOLTAGE REGULATORS 


uA7815C electrical characteristics at specified virtual junction temperature, 
V| = 23 V, Iq = 500 mA(unless otherwise noted) 


PARAMETER 
UA7815C 
UNIT 
MIN 
TYP 
MAX 


Output voltage 


25° C 
14.4 
15 
15.6 


V 
l0 = 5mAto1A, 
V| - 17.5 V to 30 V, 


P< 15W 
0°Cto125°C 
14.25 
15.75 


Input regulation 
V| = 17.5 Vto 30 V 
25° C 
11 
300 
mV 
V| = 20 V to 26 V 
3 
150 


Ripple rejection 
V| = 18.5 Vto 28.5 V, 
f-120 Hz 
0°Cto125°C 
54 
70 
dB 


Output regulation 
lO " 5 mA to 1.5 A 
25° C 
12 
300 
mV 
lO - 250 mA to 750 mA 
4 
150 


Output resistance 
f= 1 kHz 
0°Cto125°C 
0.019 
n 


Temperature coefficient 


of output voltage 
lO " 5 mA 
0°Cto125°C 
-1.0 
mV/°C 


Output noise voltage 
f = 10 Hz to 100 kHz 
25°C 
90 
uV 


Dropout voltage 
lO " 1 A 
25° C 
2.0 
V 


Bias current 
25° C 
4.4 
8 
mA 


Bias current change 
V| - 17.5 V to 30 V 
0°Cto 125°C 
1 
mA 
Iq - 5 mA to 1 A 
0.5 


Short-circuit output current 
25 
C 
230 
mA 


Peak output current 
25° C 
2.1 
A 


uA7818C electrical characteristics at specified virtual junction temperature, 
V.=27V, Iq =500mA (unless otherwise noted) 


PARAMETER 
TEST CONDITIONS* 
UA7818C 
UNIT 
MIN 
TYP 
MAX 


Output voltage 


25° C 
17.3 
18 
18.7 


V 
lO • 5 mA to 1 A, 


P< 15W 


V| = 21 Vto 33 V, 
0°Cto125°C 
17.1 
18.9 


Input regulation 
V| = 21 Vto 33 V 
25° C 
15 
360 
mV 
V| = 24 V to 30 V 
5 
180 


Ripple rejection 
V| = 22 Vto 32 V, 
f- 120 Hz 
0°Cto125°C 
53 
69 
dB 


Output regulation 
Iq - 5 mA to 1.5 A 
25° C 
12 
360 
mV 
lO - 250 mA to 750 mA 
4 
180 


Output resistance 
f- 1 kHz 
O'Cto 125°C 
0.022 
n 


Temperature coefficient 


of output voltage 
Iq = 5 mA 
0°C to 125°C 
-1.0 
mV/°C 


Output noise voltage 
f • 10 Hz to 100 kHz 
25° C 
110 
pV 


Dropout voltage 
"O- * A 
25°C 
2.0 
V 


Bias current 
25°C 
43 
8 
mA 


Bias current change 
V| = 21 V to 33 V 
0°C to 125°C 
1 
mA 
Iq-5 mA to 1 A 
0.5 


Short-circuit output current 
25° C 
200 
mA 


Peak output current 
25° C 
2.1 
A 


*AII characteristics are measured with 
Istics except noise voltage and rippla rojcctio 
changes duo to changes in Internal temperature must b 


pacltor across the input of 0.33 jiF and a capacitor across tho output of 0.1 uF. All < 
red using pulso techniques (tw < 10 ms. duty cycle < 5%). Outpi 


Into account separately. 


horacter- 


it voltage 
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TYPES UA7822C, uA7824C 
POSITIVE-VOLTAGE REGULATORS 


uA7824C electrical characteristics at specified virtual junction temperature, 
V|=33V, Iq =500 mA (unless otherwise noted) 


PARAMETER 


. 
UA7824C 
UNIT 
MIN 
TYP 
MAX 


Output voltage 


25" C 
23 
24 
25 


V 
l0 =5mAto1A, 
V| =27Vto38V. 


P< 15W 
0°Cto 125°C 
22.8 
25.2 


Input regulation 
V| =27 Vto 38 V 
25°C 
18 
480 
mV 
V| =30V to 36 V 
6 
240 


Ripple rejection 
V| = 28 Vto 38 V. 
f=120Hz 
0°Cto 125°C 
50 
66 
dB 


Output regulation 
Iq = 5 mA to 1.5 A 
25° C 
12 
480 
mV 
lO • 250 mA to 750 mA 
4 
240 


Output resistance 
f = 1 kHz 
0°C to 125"C 
0.028 
n 


Temperature coefficient 


of output voltage 
lO - 5 mA 
0°Cto 125°C 
-1.5 
mV/°C 


Output noise voltage 
f = 10 Hz to 100 kHz 
25°C 
170 
uV 


Dropout voltage 
l0- 1 A 
25°C 
2.0 
V 


Bias current 
25° C 
4.6 
8 
mA 


Bias current change 
V| = 27 V to 38 V 
0°C to 125°C 


1 
mA 
Iq • 5 mA to 1 A 
0.5 


Short-circuit output current 
25° C 
150 
mA 


Peak output current 
25° C 
2.1 
A 


'All characteristics are measured with a capacitor across tho input of 0.33 uF and a capacitor across the output of 0.1 pF. All character 
isticsexcept noise voltage and ripple rejection ratio are measuredusing pulse techniques (tw < 10 ms. duty cyclo < 5%). Output voltage 
changes duo to changes in internal tomporature must be tokon Into account soparatoly. 
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6-181 


Voltage Regulators 


LINEAR 
INTEGRATED 
CIRCUITS 


3-Terminal Regulators 


Output Current up to 100 mA 


No External Components 


Internal Thermal Overload Protection 


Unusually High Power Dissipation Capability 


Internal Short-Circuit Current Limiting 


Direct Replacement for Fairchild jtA78L00 
Series 


description 


This series of fixed-voltage monolithic integrated- 
circuit voltage regulators is designed for a wide range 
of applications. These applications include on-card 
regulation for elimination of noise and distribution 
problems associated with single-point regulation. In 
addition, they can be used with power-pass elements 
to make high-current voltage regulators. One of these 
regulators can deliver up to 100 mA of output current. 
The internal current limiting and thermal shutdown 
features of these regulators make them essentially 
immune to overload. When used as a replacement for 


a Zener-diode —resistor combination, an effective 
improvement in output impedance of typically two 
orders of magnitude can be obtained together with 


lower-bias current. 


schematic 


Resistor values shown aro no 


SERIES UA78L00 
POSITIVE-VOLTAGE REGULATORS 


D2203. JANUARY 1976-REVISED AUGUST 1983 


NOMINAL 
5% 
10% 


OUTPUT 
OUTPUT VOLTAGE 
OUTPUT VOLTAGE 


VOLTAGE 
TOLERANCE 
TOLERANCE 


2.6 V 
uA78L02AC 
UA78L02C 


5 
V 
UA78L05AC 
UA78L05C 


6.2 V 
UA78L06AC 
UA78L06C 


8 V 
UA78L08AC 
UA78L08C 


9 
V 
uA78L09AC 
UA78L09C 


10 V 
UA78L10AC 
UA78L10C 


12 V 
UA78L12AC 
UA78L12C 


15 V 
UA78L15AC 
uA78L15C 


DUAL-IN-LINE PACKAGE 


(TOP VIEWI 


INPUTQ 


NCC 
NC£ 


iTTT 


2 
7 


3 
6 


4 
5 


^OUTPUT 
3NC 
^COMMON 
Dnc 


NC-No internal connection 


LP 


SILECT PACKAGE 


(TOP VIEW) 


f 
0 INPUT 


1 kOTO 14 kn 


Copyright 0 1977 by Texas Instruments Incorporated 
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6-183 


SERIES UA78L00 
POSITIVE-VOLTAGE REGULATORS 


absolute maximum ratings over operating temperature range (unless otherwise noted) 


UA78L02AC. uA78L02C 


THRU 


UA78L10AC.UA78L10C 


uA78L12AC. uA78L12C 


uA78L15AC. uA78L15C 
UNIT 


Input voltage 
30 
35 
V 
Continuous total dissipation at 25 °C freo-air 


temperature (see Note 1) 
JG package 
825 
825 
mW 
LP package 
775 
775 
Continuous total dissipation at (or below) 25 °C case temperature 


(see Note 1) 
1600 
1600 
mW 


Operating free-air, case, or virtual junction temperature range 
0 to 150 
0 
to 150 
°C 
Storage temperature range 
-65 to 150 
-65 to 150 
°C 
Lead temperature 1.6 mm (1/16 inch) from case for 10 seconds 
260 
260 
°C 


NOTE 1: 
Foroperation abovo 25°C froo-air temperature, refer to Figures 1 and 2. To avoid exceeding tho design maximum virtualjunction temperature, 
these ratings should not bo exceeded. Due to variations in individual device electrical characteristics and thermal resistance, the built-in thermal 
overload protection may be activated at power levels slightly above or below the rated dissipation. 


1000 


FREE-AIR TEMPERATURE 


DISSIPATION DERATING CURVE 
CASE TEMPERATURE 
DISSIPATION DERATING CURVE 


=? 
900 


t 
1 
c 
800 


o 


m 
700 


< 
!3 
Ron 
o 


-*• 
son 
03 
CO 
CO 
c 
400 


73 
CO 


O 
E 
300 


CO 
E 
200 
C 
X 


03 
£ 
100 


—I 
1 
1 
JG package 
Derating factor =6.6 mW/°C 
RflJA^ISfC/W 


LP package 
Derating factor = 6.2 mW/°C 
R0JAa=16O°tVW 


See Note 2 


2000 


5 
1800 
E 
^ 1600 


o| 
1400 
| 
1200 


o 
1000 


: 
800 


600 


400 


200 


0 


JG package 
Derating factor = 
17.2mW/°C 
above 57°C 
R0JC* 58°CAV 


LP package 
Deratingfactor = 28.6 mW/°C 
above 94°C 
R0JC * 35°C/W 


to 
25 
50 
75 
100 
125 


Ta—Free-Air Temperature—°C 


FIGURE 1 


150 
25 
50 
75 
100 
125 


Tc—Case Temperature— C 


FIGURE 2 


150 


NOTE 2: 
Thi! 
i for tho LP pac 
i based on thermal resistance. RfljA. measured in still air with the device mounted in an Augat socket. The bottom 


of the package was 3/8 inch above the socket. 


recommended operating conditions 


MIN 
MAX 
UNIT 


Input voltage. V| 


UA78L02C. UA78L02AC 
4.75 
20 


V 


UA78L05C, UA78L05AC 
7 
20 


UA78L06C. UA78L06AC 
8.5 
20 


UA78L08C, UA78L08AC 
10.5 
23 


UA78L09C. UA78L09AC 
11.5 
24 


UA78L10C. UA78L10AC 
12.5 
25 


UA78L12C. UA78L12AC 
14.5 
27 


UA78L15C, UA78L15AC 
17.5 
30 


Output current. Iq 
100 
mA 
Operating virtual junction temperature, Tj 
0 
125 
°C 
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SERIES UA78L00 
POSITIVE-VOLTAGE REGULATORS 


uA78L02AC, UA78L02C electrical characteristics at specified virtual junction temperature, 
V| = 9 V, Iq = 40 mA (unless otherwise noted) 


PARAMETER 
UA78L02AC 
UA78L02C 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Output voltage 


25°C 
2.5 
2.6 
2.7 
2.4 
2.6 
2.8 


V 
V| - 4.75 V to 20 V. I0 = 1 mA to 40 mA 
0°C to 125°C 
2.45 
2.75 
2.35 
2.85 


Iq " 
1 mA to 70 mA 
2.45 
2.75 
2.35 
2.85 


Input regulation 
V| - 4.75 V to 20 V 
25°C 
20 
100 
20 
125 
mV 
V| - 5 V to 20 V 
16 
75 
16 
100 


Ripple rejection 
V| - 6 V to 16 V. 
f = 120 Hz 
25°C 
43 
51 
42 
51 
dB 


Output regulation 
l0 • 
1 mA to 100 mA 
25°C 
12 
50 
12 
50 
mV 
l0 • 
1 mA to 40 mA 
6 
25 
6 
25 


Output noise voltage 
f 
= 
10 Hz to 100 kHz 
25°C 
30 
30 
*v 


Dropout voltago 
25°C 
1.7 
1.7 
V 


Bias currant 
25 "C 
3.6 
6 
3.6 
6 
mA 
125°C 
5.5 
5.5 


Bias current change 
V| = 5 V to 20 V 
0°Cto 125-C 
2.5 
2.5 
mA 
Iq = 1 mA to 40 mA 
0.1 
0.2 


UA78L05AC, uA78L05C electrical characteristics at specified virtual junction temperature, 
V| = 10 V, Iq = 40 mA (unless otherwise noted) 


PARAMETER 
TEST CONDITIONS' 
UA78L05AC 
UA78L05C 
UNfT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Output voltage 


25 CC 
4.8 
5 
5.2 
4.6 
5 
5.4 


V 
V| « 7 V to 20 V. 
lo = ' rnAto 40 mA 
0"C to 125-C 
4.75 
5.25 
4.5 
5.5 


Iq • 
1 mA to 70 mA 
4.75 
5.25 
4.5 
5.5 


Input regulation 
V| - 
7 V to 20 V 
25 °C 
32 
150 
32 
200 
mV 
V| = 8 V to 20 V 
26 
100 
26 
150 


Ripple rejection 
V| - 8 V to 18 V. 
1 = 120 Hz 
25 °C 
41 
49 
40 
49 
dB 


Output regulation 
l0 - 
1 mA to 100 mA 
25 °C 
15 
60 
15 
60 
mV 
l0 • 
1 mA to 40 mA 
8 
30 
8 
30 


Output noise voltago 
f 
= 
10 Hz to 100 kHz 
2b 
c 
42 
42 
«v 


Dropout voltage 
25°C 
1.7 
1.7 
V 


Bias current 
25 °C 
3.8 
6 
3.8 
6 
mA 
125°C 
5.5 
5.5 


Bias current change 
V| " 8 V to 20 V 
0°C to 125°C 
1.5 
1.5 
mA 
Iq - 1 mA to 40 mA 
0.1 
0.2 


*All characteristics aromeasuredwith a capacitoracrosstho Input of 0.33 jiFonda capacitor acrossthe output of 0.1 pF. All characteristics oxcoptnoise 
voltago and ripple rejection ratio eremeasured using pulse tchniques (tw s 10ms,duty cycle s 5%). Output voltago changes duo tochenges Ininternal 


temperature must be taken into account separately. 
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SERIES UA78L00 
POSITIVE-VOLTAGE REGULATORS 


uA78L06AC, uA78L06C electrical characteristics at specified virtual junction temperature, 
V| = 12 V, Iq = 40 mA (unless otherwise noted) 


PARAMETER 
TEST CONDITIONS' 
UA78L06AC 
UA78L06C 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Output voltage 


25 °C 
5.95 
6.2 
6.45 
5.7 
6.2 
6 
7 


V 
V, = 8.5 V to 20 V. 
I0 
1 mA to 40 mA 
0°C to 125°C 
5.9 
6.5 
5.6 
5.8 
lO 
1 mA to 70 mA 
5.9 
6.5 
5.6 
6.8 


Input regulation 
V, - 8.5 V to 20 V 
25 °C 
35 
175 
35 
200 
mV 
V, • 
9 V to 20 V 
29 
125 
29 
150 
Ripple rejection 
V, • 
10 V to 20 V. 
1 
120 Hz 
25 °C 
i0 
48 
39 
48 
dB 


Output regulation 
l0 
1 mA to 100 mA 
25°C 
16 
80 
16 
80 
mV 
Iq • 
1 mA to 40 mA 
9 
40 
9 
40 
Output noise voltage 
f 
10 Hz to 100 kHz 
25°C 
46 
46 
>.v 
Dropout voltage 
25°C 
1.7 
1.7 
V 


Bias current 
25°C 
3.9 
6 
3.9 
6 
mA 
125°C 
5.5 
5.5 


Bias current chango 
V| = 9 V to 20 V 
0°C to 125°C 
1.5 
1.5 
mA 
Iq = 1 mA to 40 mA 
0.1 
0.2 


UA78L08AC, uA78L08C electrical characteristics at specified virtual junction temperature, 
V| = 14 V, Iq = 40 mA (unless otherwise noted) 


PARAMETER 
TEST CONDITIONS' 
UA78L08AC 
UA78L08C 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Output voltago 


25°C 
7.7 
8 
8.3 
7.36 
8 
8.64 


V 
V| 
'0 


- 
10.5 V to 23 V. I0 = 1 mA to 40 mA 


- 
1 mA to 70 mA 
0°C to 125°C 
7.6 
8.4 
7.2 
8.8 


7.6 
8.4 
7.2 
8.8 


Input regulation 
•, 
- 
10.5 V to 23 V 
25°C 
42 
175 
42 
200 
mV 
Vl « 
11 Vto 23 V 
36 
125 
36 
150 
Ripple rejection 
V| 
13 V to 23 V. 
1 
120 Hz 
25 °C 
37 
46 
••' 
46 
dB 


Output regulation 
ig = 
1 mA to 100 mA 
25 °C 
18 
80 
18 
80 
mV 
io 
- 
1 mA to 40 mA 
10 
40 
10 
40 
Output noise voltage 
i 
10 Hz to 100 kHz 
25°C 
54 
54 
uV 
Dropout voltago 
25°C 
1.7 
1.7 
V 


Bias current 
25=C 
4 
6 
i 
6 
mA 
I25°C 
5.5 
5.5 


Bias current change 
V| 
-- 11 V to 23 V 
0°C to 125°C 
1.5 
1.5 
mA 
'0 
• 
1 mA to 40 mA 
0.1 
0.2 
' All characteristics are measured with acapacitor across the input of 0.33 „F ond acapacitor across tho output of 0.1 pF. All characteristics except noise 
voltago andripple rejection ratio aremeasured using pulso techniques ltws 10ms, duty cycle s 5%). Output voltago changes duetochanges ininternal 
temperature must be taken into account separately. 
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SERIES UA78L00 
POSITIVE-VOLTAGE REGULATORS 


uA78L09AC, uA78L09C electrical characteristics at specified virtual junction temperature, 
V| = 16 V, Iq = 40 mA (unless otherwise noted) 


PARAMETER 
TEST CONDITIONS' 
UA78L09AC 
UA78L09C 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Output voltage 


25°C 
8.6 
9 
9.4 
8.3 
9 
9.7 


V 
V| = 12 V to 24 V. 
I0 = 1 mA to 40 mA 
0°C to 125°C 
8.55 
9.45 
8.1 
9.9 


Iq = 1 mA to 70 mA 
8.55 
9.45 
8.1 
9.9 


Input regulation 
V| " 
1? V to 2-1 V 
25 °C 
45 
175 
45 
225 
mV 
V, = 13 Vto 24 V 
40 
125 
40 
175 


Ripple rejection 
V| = 13 V to 24 V. 
f - 120 Hz 
25°C 
37 
45 
36 
45 
dB 


Output regulation 
l0 = 1 mA to 100 mA 
25°C 
19 
90 
19 
90 
mV 
Iq = 1 mA to 40 mA 
11 
40 
11 
40 


Output noise voltage 
f 
= 
10 Hz to 100 kHz 
25°C 
58 
58 
pV 


Dropout voltago 
25°C 
1.7 
1.7 
V 
1 


Bias current 
2C--'.: 
4 
1 
6 
4.1 
6 
mA 
125°C 
5.5 
5.5 


Bias current change 
V| = 13 V to 24 V 
0°C to 125°C 
1.5 
1.5 
mA 
Iq = 1 mA to 40 mA 
0.1 
0.2 


uA78L10AC, UA78L10C electrical characteristics at specified virtual junction temperature, 
V| = 17 V, Iq = 40 mA (unless otherwise noted) 


PARAMETER 
UA78L10AC 
UA78L10C 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Output voltage 


25°C 
9.6 
10 
10.4 
9.2 
10 
10.8 


V 
V| = 13 V to 25 V. 
I0 = 1 mA to 40 mA 
0°C to 125°C 
9.5 
10.5 
9 
10 


l0 
- 
1 mA to 70 mA 
9.5 
10.5 
9 
10 


Input regulation 
V| - 
13 V to 25 V 
25°C 
51 
175 
51 
225 
mV 
V| = 14 V to 25 V 
42 
125 
42 
175 


Ripple rejection 
V| = 14 V to 25 V. 
f 
120 Hz 
25 °C 
37 
44 
36 
44 
dB 


Output regulation 
ln = 1 mA to 100 mA 
25 °C 
20 
90 
20 
90 
mV 
Iq = 1 mA to 40 mA 
1 1 
40 
11 
40 


Output noise voltage 
f 
= 
10 Hz to 100 kHz 
25°C 
62 
62 
«v 


Oropout voltago 
25°C 
1.7 
1.7 
V 


Bias current 
25"C 
4.2 
6 
4.2 
6 
mA 
125°C 
5.5 
5.5 


Bias current change 
V| = 14 V to 25 V 
0°C to 125°C 
1.5 
1.5 
mA 
Iq = 1 mA to 40 mA 
0.1 
0.2 


1All characteristics are measured with a capacitor across the input of 0.33 pFand a capacitor across tho output of 0.1 pF. Allcharacteristics except noise 
voltage and ripplo rejection ratioaromeasuredusingpulsetechniques ltw s 10ms,dutycycle s 5%).Outputvoltago changesduoto changesininternal 
temperature must be taken into account soparately. 
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SERIES UA78L00 
POSITIVE-VOLTAGE REGULATORS 


uA78L12AC, uA78L12C electrical characteristics at specified virtual junction temperature, 
V| = 19 V, Iq = 40 mA (unless otherwise noted) 


PARAMETER 
TEST CONDITIONS' 
UA78L12AC 
uA78L12C 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Output voltage 


25 °C 
11.5 
12 
12.5 
11.1 
12 
12.9 


V 
V| • 14.5 V to 27 V. I0 - 
1 mA to 40 mA 
0°CtO 125°C 
11.4 
12.6 
10.8 
13.2 
lo * 1 mA to 70 mA 
11.4 
12.6 
10.8 
13.2 


Input regulation 
V, = 14.5 V to 27 V 
25 "C 
55 
250 
55 
250 
mV 
V| - 
16 V to 27 V 
49 
200 
49 
200 
Ripple rejection 
V| = 15 V to 25 V. 
f = 120 Hz 
25°C 
37 
42 
36 
42 
dB 


Output regulation 
Iq » 1 mA to 100 mA 
25°C 
22 
100 
22 
100 
mV 
lO - 
1 mA to 40 mA 
13 
50 
13 
50 
Output noiso voltBge 
f 
10 Hz 
to 100 kHz 
25°C 
70 
70 
*v 
Dropout voltage 
25°C 
1.7 
1.7 
V 


Bias current 
25°C 
4.3 
6.5 
4.3 
6.5 
mA 
I25°C 
6 
6 


Bias current change 
V, - 
16 V to 27 V 
0°C to 125°C 
1.5 
1.5 
mA 
Iq 
- 
1 mA to 40 mA 
0.1 
0.2 


uA78L15AC, uA78L15C electrical characteristics at specified virtualjunction temperature, 
V| = 23 V, Iq = 40 mA (unless otherwise noted) 


< 
o 
PARAMETER 
TEST CONDITIONS' 
UA78L15AC 
UA78L15C 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


03 
CO 
Output voltago 


25°C 
14.4 
15 
15.6 
13.8 
15 
16.2 


V 
V| - 
17.5 V to 30 V. I0 - 
1 mA to 40 mA 
0°C to 125°C 
14.25 
15.75 
13.5 
16.5 
CD 
Iq = 1 mA to 70 mA 
14.25 
15.75 
13.5 
16.5 
73 
Input regulation 
V, 
• 17.5 V to 30 V 
25°C 
65 
300 
65 
300 
mV 
CO 
V, - 
20 V to 30 V 
58 
250 
58 
250 
COc_ 


03 
l~> 


Ripple rejection 
V| - 
18.5 to 28.5 V, f = 120 Hz 
25 °C 
34 
39 
33 
39 
dB 


Output regulation 
lO - 
1 mA to 100 mA 
25 °C 
25 
150 
25 
150 
mV 
lO " 1 mA to 40 mA 
15 
75 
15 
- 
o 
Output noise voltage 
( 
- 
10 Hz to 
100 kHz 
25°C 
82 
82 
*v 
(0 
Dropout voltage 
25°C 
1.7 
1.7 
V 
^^n 
Bias current 
25°C 
4.6 
6.5 
4.6 
6.5 
mA 
w 
125°C 
6 
6 
19 
Bias current change 
V, = 10 Vto 30 V 
0°C to 125°C 
1.5 
1.5 
mA 
l0 
-• 
1 mA to 40 mA 
0.1 
0.2 


All characteristics aromoasurod with a capacitor acrosstheinput of0.33 pF anda capacitor acrosstheoutput of 0.1 pF. All characteristics exceptnoise 
voltago and ripple rejection ratioare moasured usingpulsetechniques (tw s 10 ms.dutycycle s 5%l. Outputvoltagechangesdue to changesin intornal 
temperature must be taken Into account separately. 
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LINEAR 
INTEGRATED 
CIRCUITS 


i 
3-Terminal Regulators 


' 
Output Current up to 500 mA 


• 
No External Components 


> Internal Thermal Overload Protection 


• 
High Power Dissipation Capability 


• 
Internal Short-Circuit Current Limiting 


• 
Output Transistor Safe-Area Compensation 


• 
Direct Replacements for Fairchild /tA78M00 
Series and National LM78MXX and LM341 
Series 


description 


This series of fixed-voltage monolithic integrated- 
circuit voltage regulators is designed for a wide range 
of applications. These applications include on-card 
regulation for elimination of noise and distribution 
problems associatedwithsingle-point regulation. Each 
of these regulators can deliver up to 500 miliiamperes 
of output current. The internal current limiting and 
thermal shutdown features of these regulators make 
them essentially immune to overload. In addition to 
use as fixed-voltage regulators, these devices can be 
used with external components to obtain adjustable 
output voltages and currents and also as the power 
pass element in precision regulators. 


terminal assignments 


uA78M_M . . . JG PACKAGE 


(TOP VIEW) 


7T7I 


2 
7 


3 
6 


4 
5 


COMMON £ 
NCE 
nc£ 
INPUT £ 


NC 
- 
No internal 


[]NC 
Dnc 
3 OUTPUT 
[]NC 


SERIES UA78M00 
POSITIVE-VOLTAGE REGULATORS 


D2214. JUNE 1976-REVISED SEPTEMBER 1983 


NOMINAL 
-55°C to 150°C 
0°C to 125°C 


OUTPUT 
OPERATING 
OPERATING 


VOLTAGE 
TEMPERATURE RANGE 
TEMPERATURE RANGE 


5 V 
uA78M05M 
uA78M05C 


6 V 
UA78M06M 
uA78M06C 


8V 
UA78M08M 
uA78M08C 


10 V 
UA78M10M 
UA78M10C 


12 V 
uA78M12M 
UA78M12C 


15 V 
UA78M15M 
UA78M15C 


20 V 
UA78M20C 


24 V 
UA78M24C 


PACKAGES 
JG 
KC 


schematic 


5.4 k 


Resistor values shown are nominal and in ohms. 


uA78M_C . . . KC PACKAGE 


(TOP VIEWI 


in 


JS 
3 
O) 
CD 
CC 


03 
O) 
CO 
4^ 


O 
> 


o 
Q 
THE COMMON TERMINAL IS IN 
ELECTRICAL CONTACT WITH 
THE MOUNTING BASE 


TO220AB 


Copyright © 1983 by Texas Instruments Incorporated 
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f* 
03 
CO 
CD 


73 
CD 
Cfic_ 


03 


to 


SERIES UA78M00 
POSITIVE-VOLTAGE REGULATORS 


absolute maximum ratings over operating temperature range {unless otherwise noted) 


UA78M05M 


THRU 


UA78M24M 


UA78M05C 


THRU 


UA78M24C 


UNIT 


Input voltage 
UA78M20 thru UA78M24 
40 
V 
All others 
35 
35 
Continuous total dissipation at 25 °C freo-air temperature 


(see Note 11 
JG package 
1.05 
W 
KC (TO-220AB) package 
2 
Continuous total dissipation at (or below) 25 °C case temperature 
(see Note 1) 
KC package 
7.5 
W 


Operating free-air, case, or virtual junctiontemperaturorange 
-55 to 150 
0 to 150 
°C 
Storage temperature range 
-65 to 150 
-65 to 150 
°C 
Lead temperalure 1.6 mm (1/16 inch) from case for 60 seconds 
JG package 
300 
°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 
KC package 
260 
°C 


NOTE 1: Foroperation abovo 25°C free-air or case temperature, refer to Figures 1through 3.Toavoid exceeding the design maximum virtual junction temperature, 
these ratings should notbo exceeded. Duo tovariations inindividual device electrical characteristics and thermal resistance, thebuilt-in thormal overload 
protection maybe activatedat powerlevelsslightly aboveor below tho rated dissipation. 


recommended operating conditions 


MIN 
MAX 
UNIT 


Input voltage, V| 


uA78M05M, uA78M05C 
7 
25 


V 


uA78M06M. uA78M06C 
8 
25 
uA78M08M. uA78M08C 
10.5 
25 
UA78M10M, uA78M10C 
12.5 
28 


UA78M12M. UA78M12C 
14.5 
30 
uA78M15M, uA78M15C 
17.5 
30 


UA78M20C 
23 
35 


UA78M24C 
27 
38 
Output current, lo 
All devices 
500 
mA 


Operating virtual junction temperature. Tj 
uA78M05M thru uA78M15M 
-55 
150 
°C 
uA78M05C thru uA78M24C 
0 
125 
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uA78M05M, uA78M05C electrical characteristics at specified virtual junction temperature, 
V| = 10 V, Iq = 350 mA (unless otherwise noted) 


PARAMETER 
TEST CONDITIONS' 
u l\78M05M 
UA78M05C 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Output voltage 


25°C 
4.8 
5 
5.2 
4.8 
5 
5.2 


V 
<0 = 
5 mA to 350 mA 
V| = 8 V to 20 V 
-55°C to 150°C 
4.7 
5.3 
V| = 7 V to 20 V 
0°C to 125°C 
4.75 
5.25 


Input regulation 
io = 200 mA 


V| = 7 V to 25 V 


25 °C 


3 
50 
3 
100 


mV 
V| = 8 V to 20 V 
1 
25 


V| = 8 V to 25 V 
1 
50 


Ripple rejection 
V| 


f 
= 


= 
8 Vto 18 V, 


120 Hz 
lO = 100 mA 
-55°C io 150°C 
62 


dB 
0°C to 125°C 
62 


Iq = 300 mA 
25°C 
62 
80 
62 
80 


Output regulation 
io 
• 
5 mA to 500 mA 
25°C 
20 
50 
20 
100 
mV 
io 
= 
5 mA to 200 mA 
10 
25 
10 
50 


Temperature coefficient 


of output voltage 
'0 
= 
5 mA 


-55°C to 25°C 
-2 


mV/°C 
25°C to 150°C 
-1.5 


0°C to 125°C 
-1 


Output noise voltage 
f 
10 Hz to 100 kHz 
25°C 
40 
200 
40 
200 
,.V 


Dropout voltage 
25°C 
2 
2.5 
2 
2.5 
V 


Bias current 
25 "C 
4.5 
7 
4.5 
6 
mA 


Bias current change 
'0 = 200 mA. V| = 8 V to 25 V 
-55°C to 150°C 
0.8 


mA 
0°C to 125°C 
0.8 


'0 
= 
5 mA to 350 mA 
-55°C to 150°C 
0.5 


0°C to 125°C 
0.5 


Short-circuit 


output current 
V| = 35 V 
25 °C 
300 
600 
300 
mA 


Peak output current 
25 °C 
0.5 
0.7 
1.4 
0.7 
A 


'All characteristics are moasured with a capacitor across tho input of 0.33 pF and 
rejection ratio are measured using pulse tochniquos (tw s 10 ms, duty cycle s 5%) 


separately. 


a capacitor across the output of 0.1 pF. All characteristics except noise voltago and ripple 
Output voltage changes duo to changes in internal temperaturo must bo taken into account 


Voltage Regulators 


<C/J 


m 
tn 


m 
— 
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uA78M06M, uA78M06C electrical characteristics at specified virtual junction temperature, 
V| = 11 V, Iq = 350 mA (unless otherwise noted) 


PARAMETER 
u i\78M06M 
u A78M06C 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


25°C 
5.75 
6 
6.25 
5.75 
6 
6.25 


V 
Output voltage 
lO = 5 mA to 350 mA 
V| = 9 V to 21 V 
-55°C to 150°C 
5.7 
6.3 
V| - 8 V to 21 V 
0°C to 125°C 
5.7 
6.3 


Input regulation 
lO = 200 mA 
V| = 8 V to 25 V 


25 °C 


5 
60 
5 
100 


mV 
V| - 9 V to 20 V 
1.5 
30 
V| = 9 V to 25 V 
1.5 
50 


Ripple rejection 
V| = 9 V to 19 V. 


f 
= 
120 Hz 
lO = 100 mA 
-55°C to 150°C 
59 


dB 
0°C to 125°C 
59 
Iq - 300 mA 
25 °C 
59 
80 
59 
80 


Output regulation 
lO = 5 mA to 500 mA 
25 °C 
20 
60 
20 
120 
mV 
lO = 5 mA to 200 mA 
10 
30 
10 
60 


Temperature coefficient 


of output voltage 
Iq = 5 mA 
-55°C to 25°C 
-2.4 


mV/°C 
25°C to 150°C 
-1.8 
0°C to 125°C 
-1 
Output noise voltage 
f 
= 
10 Hz to 100 kHz 
25°C 
45 
240 
45 
pV 
Dropout voltage 
25 °C 
2 
2.5 
2 
V 
Bias current 
25°C 
4.5 
7 
4.5 
6 
mA 


Bias current change 
lO = 200 mA, V| = 9 V to 25 V 
-55°C to 150°C 
0.8 


mA 
0°C to 125°C 
0.8 


lO = 5 mA to 350 mA 
-55°C to 150°C 
0.5 


0°C to 125°C 
0.5 
Short-circuit 


output current 
V| = 35 V 
25 °C 
270 
600 
270 
mA 


Peak output current 
25°C 
0.5 
0.7 
1.4 
0.7 
A 


'All characteristics are measu 
rejection ratio are measured u 
separately. 


redwith a capacitor across thoinput of0.33MF and a capacitor across theoutput of0.1(1F. All characteristics oxcept noise voltage andripple 
ingpulsetechniques (tw =s 10ms. dutycycle £ 5%).Outputvoltagechangesdue to changesininternal temperature mustbe takenintoaccount 


"o —i 
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-< 
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CO 
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m 
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> 
CD 
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uA78M08M, uA78M08C electrical characteristics at specified virtual junction temperature, 
V| = 14 V, Iq = 350 mA (unless otherwise noted) 


PARAMETER 
UA78M08M 
UA78M08C 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Output voltage 


25°C 
7.7 
8 
8.3 
7.7 
8 
8.3 


V 
Iq = 5 mA to 350 mA 
V| = 11.5 Vto 23 V 
-55°C to 150°C 
7.6 
8.4 


V| - 
10.5 V to 23 V 
0°C to 125°C 
7.6 
8.4 


Input regulation 
lO = 200 mA 


V| = 10.5 Vto 25 V 


25 °C 


6 
60 


mV 
V| = 11 V to 20 V 
2 
30 


V| = 11 V to 25 V 
2 
50 


Ripple rejection 
V| = 11.5 Vto 21.5 V. 


f 
= 
120 Hz 


l0 = 100 mA 
-55CC to 150"C 
56 
dB 
0°C to 125°C 
56 


Iq = 300 mA 
25°C 
56 
80 
56 
80 


Output regulation 
Iq = 5 mA to 500 mA 
25 °C 
25 
80 
25 
mV 
Iq = 5 mA to 200 mA 
10 
40 
10 
80 


Temperaturo coefficient 


of output voltage 
Iq = 5 mA 


-55°C to 25"C 
-3.2 
mV/°C 
25°C to 150°C 
-2.4 


0°C to 125°C 
-1 


Output noise voltage 
f 
= 
10 Hz to 100 kHz 
25°C 
52 
320 
pV 


Dropout voltage 
25°C 
2 
2.5 


Bias current 
25 °C 
4.6 
7 
4.6 
6 
mA 


Bias current change 
l0 = 200 mA. 
V| = 11.5 V to 25 V 
-55°C to 150°C 
0.8 


mA 
V| = 10.5 V to 25 V 
0°C to 125°C 
0.8 


Iq = 5 mA to 350 mA 
-55°C to 150°C 


0°C to 125°C 
0.5 


Short-circuit 
| output current 
V| = 35 V 
25°C 
250 
600 
250 
mA 


| Peak output curront 
25°C 
0.5 
0.7 
1.4 
0.7 


'All characteristics are measured with acapacitor across the input of 0.33 ,Fand acapacitor across tho output of 0.1 „F. All characteristics except noise voltage and ripple 
rejection ratio are measured using pulse techniques ltw s 10 ms. duty cydo a 5%). Output voltage changes duo to changes in internal temperature must be taken into account 


separately. 


Voltage Regulators 
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uA78M10M, uA78M10C electrical characteristics at specified virtual junction temperature, 
V| = 17 V, Iq 
= 350 mA (unless otherwise noted) 


PARAMETER 
TEST CONDITIONS' 


u A78M10M 
uA78M10C 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Output voltage 


25°C 
9.6 
10 
10.4 
9.6 
10 
10.4 


V 
io = 
5 mA to 350 mA 
V| 
= 13.5 Vto 25 V 
-55°C to 150°C 
9.5 
10.5 


V| 
= 12.5 V to 25 V 
0°C to 125°C 
9.5 
10.5 


Input regulation 
'0 
= 
200 mA 
V| 
- 12.5 Vto 28 V 


25°C 


7 
fiO 
7 
100 


mV 
V| 
14 V to 20 V 
2 
;«) 
v, -- 14 V to 28 V 
2 
50 


Ripple rejection 
V| 


f 
« 


= 
15 Vto 25 V. 


120 Hz 
io 
100 mA 
-55°C to 150°C 
55 


dB 
0°C to 125°C 
55 
'0 
300 mA 
25°C 
55 
80 
55 
80 


Output regulation 
io 
*-- 
5 mA to 500 mA 
25°C 
25 
100 
25 
200 
mV 
io 
• 
5 mA to 200 mA 
10 
50 
10 
100 


Temperature coefficient 


of output voltago 
'0 
^ 
5 mA 
-55°C to 25°C 
-4 


mV/°C 
25 °C to 150°C 
-3 


0°C to 125°C 
-1 
Output noise voltage 
f 
10 Hz to 100 kHz 
25°C 
64 
64 
pV 
Dropout voltage 
25°C 
2 
2.5 
2 
V 


Bias current 
25 "C 
4.7 
6 
4.7 
6 
mA 


Bias current change 
•o 
= 200 mA. 
V, = 13.5 Vto 28 V 
-55°C to 150°C 


0°C to 125°C 
0.8 


mA 
V, . 
12.5 V to 28 V 
0.8 


'0 
= 
5 mA to 350 mA 
-55°C to 150°C 
0.5 
0°Cto 125°C 
0.5 
Short-circuit 


output current 
V| 
•= 35 V 
25°C 
245 
600 
245 
mA 


Peak output current 
25°C 
0.5 
0.7 
1.4 
0.7 
A 


'All characteristics aro moasured with acapacitor across theinput of0.33(iF and acapacitor across tho output of0.1 pF. All characteristics except noise voltago and ripple 
rejection ratio are measured using pulse techniques <tw s 10 ms. duty cycle S 5%l. Output voltage changes duo to changes in internal temperature must be taken into account 
separately. 
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UA78M12M, uA78M12C electrical characteristics at specified virtual junction temperature, 
V| = 19 V, Iq 
= 350 mA (unless otherwise noted) 


PARAMETER 
UA78M12M 
UA78M12C 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Output voltage 


25°C 
11.5 
12 
12.5 
11.5 
12 
12.5 


V 
'0 = 
5 mA to 350 mA 
V| = 15.5 V to 27 V 
-55°C to 150°C 
11.4 
12.6 


V| = 14.5 V to 27 V 
0°C to 125°C 
11.4 
12.6 


Input regulation 
'0 
= 200 mA 


V| = 14.5 V to 30 V 


25 °C 


8 
60 
8 
100 


mV 
V| = 16 V to 25 V 
2 
30 


V| = 16 V to 30 V 
2 
50 


Ripple rejection 
V| 


f 
= 


= 15 Vto 25 V. 


120 Hz 
l0 = 100 mA 
-55°C to 150°C 
55 


dB 
0"C to 125"C 
55 


Iq = 300 mA 
25°C 
55 
80 
55 
80 


Output regulation 
io 
= 
5 mA to 500 mA 
25 °C 
25 
120 
25 
240 
mV 
io 
= 
5 mA to 200 mA 
10 
60 
10 
120 


Temperature coefficient 


of output voltage 
io = 
5 mA 


-55°C to 25°C 
-4.8 


mV/°C 
25°C to 150°C 
-3.6 


0aC to 125°C 
- 
1 


Output noise voltage 
r = 
10 Hz to 100 kHz 
25°C 
75 
480 
75 
„y 


Dropout voltage 
25 °C 
2 
2.5 
2 
V 


Bias current 
25°C 
4.8 
7 
4.8 
6 
mA 


Bias current change 
'0 = 200 mA. 
V| = 15 V to 30 V 
-55°Cto 150°C 
0.8 


mA 
V| = 14.5 V to 30 V 
0°C to 125°C 
0.8 


io 
= 
5 mA to 350 mA 
-55°C to 150°C 
0.5 


0°C to 125°C 
0.5 


Short-circuit 


output current 
V| = 35 V 
25°C 
240 
600 
240 
mA 


Peak output curront 
25°C 
0.5 
0.7 
1.4 
0.7 
A 


'All characteristics are measured with a capacitor across the input of 0.33 <iF and a capacitor across the output of 0.1 pF. Allcharacteristics except noise voltago and ripplo 
rejection ratioaremeasured usingpulsetechniques (tw s 10ms.dutycycle s 5%l.Outputvoltagechangesdue to changesininternal temperature must be takenintoaccount 


separately. 


Voltage Regulators 
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uA78M15M, uA78M15C electrical characteristics at specified virtual junction temperature, 
V| = 23 V, Iq 
= 350 mA (unless otherwise noted) 


PARAMETER 
TEST CONDITIONS1 
UA78M15M 
uA78M15C 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Output voltago 
25 °C 
14.4 
15 
15.6 
14.4 
15 
15.6 


V 
Iq = 5 mA to 350 mA 
V| = 18.5 V to 30 V -55°C to 150°C 
14.25 
15.75 


V| = 17.5 V to 30 V 
0"C to 125°C 
14.25 
15.75 


Input regulation 
lO - 200 mA 
V| = 17.5 V to 30 V 
25 °C 
10 
60 
10 
100 
mV 
V| = 20 V to 30 V 
3 
30 
3 
50 


Ripple rejection 
V| - 18.5 V to 28.5 V. 


f 
= 
120 Hz 
lO = 100 mA 
-55°C to 150°C 
54 


dB 
0°C to 125°C 
54 


Iq = 300 mA 
25°C 
54 
70 
54 
70 


Output regulation 
Iq = 5 mA to 500 mA 
25°C 
25 
150 
25 
300 
mV 
Iq = 5 mA to 200 mA 
10 
75 
10 
150 


Temperature coefficient 


of output voltago 
lO = 5 mA 
-55°C to 25°C 
-6 


mV/°C 
25°C to 150°C 
-4.5 


0°C to 125°C 
-1 
Output noiso voltago 
f 
= 
10 Hz to 100 kHz 
25°C 
90 
600 
90 
*v 
Dropout voltago 
25°C 
2 
2.5 
2 
V 


Bias current 
25 °C 
4.8 
7 
4.8 
6 
mA 


Bias current change 
lO = 200 mA, 
V| = 18.5 V to 30 V -55°C to 150°C 
0.8 


mA 
V| = 17.5 V to 30 V 
0°C to 125°C 
0.8 


lO = 5 mA to 350 mA 
-55°C to 150°C 
0.5 


0°C to 125°C 
0.5 


Short-circuit 


output curront 
V| = 35 V 
25 °C 
240 
600 
240 
mA 


Peak output current 
25°C 
0.5 
0.7 
1.4 
0.7 
A 


'All characteristics are measuredwitha capacitoracross the inputof 0.33 pF and 
rejection ratio aro measured using pulso techniques (tw 3 10 ms, duty cycle s 5%). 
separately. 


i capacitor across Ihe output of 0.1 **F. All characteristics oxcept noiso voltago and ripplo 
Output voltage changes duo to changes in internal temperature must bo taken into account 
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UA78M20C electrical characteristics at specified virtual junction temperature, 
V| = 29 V, Iq = 350 mA (unless otherwise noted) 


PARAMETER 
TEST CONDITIONS' 
uA78M20C 
UNIT 
MIN 
TYP 
MAX 


Output voltage 
25 °C 
19.2 
20 
20.8 
V 
lO = 5 mA to 350 mA. 
V| = 23 V to 35 V 
0°C to 125°C 
19 
21 


Input regulation 
Iq 
= 200 mA 
V| 
- 
23 V to 35 V 
25 °C 
10 
100 
mV 
V| = 24 V to 35 V 
5 
50 


Ripple rejection 
V| = 24 V to 34 V. 


f 
= 
120 Hz 
l0 -- 100 mA 
0°C to 125°C 
53 
dB 
Iq 
= 300 mA 
25°C 
53 
70 


Output regulation 
Iq 
": 5 mA to 500 mA 
25°C 
30 
400 
mV 
Iq = 5 mA to 200 mA 
10 
200 
Temperature coefficient 


of output voltage 
lO = 5 mA 
0°C to 125°C 
-1.1 
mV/°C 


Output noise voltage 
f 
= 
10 Hz to 100 kHz 
25°C 
110 
pV 
Dropout voltage 
25DC 
2 
V 


Bias current 
25°C 
4.9 
6 
mA 


Bias current change 
Iq = 200 mA. 
V| = 23 V to 35 V 
0°C to 125°C 
0.8 
mA 
Iq = 5 mA to 350 mA 
0°C to 125°C 
0.5 


Short-circuit 


output current 
V| = 35 V 
25 °C 
240 
mA 


Peak output current 
25°C 
0.7 
A 


'All characteristics are moasured with a capacitoracross the inputof 0.33 pF and a capacitor across the output of 0.1 ,iF.All characteristics except noise voltageand ripple 
rejection ratio am measured using pulse techniques (tw s 10 ms, duty cycle s 5%). Output voltage changes due to changes in internal temperature must be taken into account 


separately. 
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uA78M24C electrical characteristics at specified virtual junction temperature, 
V| = 33 V, Iq = 350 mA (unless otherwise noted) 


PARAMETER 
UA78M24C 
UNIT 
MIN 
TYP 
MAX 


Output voltage 
25°C 
23 
24 
25 
V 
Iq = 5 mA to 350 mA, 
V| = 27 V to 38 V 
0°C to 125°C 
22.8 
25.2 


Input regulation 
lO = 200 mA 
V| - 
27 V to 38 V 
10 
100 
mV 
V| = 28 V to 38 V 
5 
50 


Ripple rejection 
V| = 28 V to 38 V, 


f 
= 
120 Hz 
l0 = 100 mA 
-55°C to 150"C 


dB 
0°C to 125°C 
50 


Iq = 300 mA 
25 °C 
50 
70 


Output regulation 
Iq = 5 mA to 500 mA 
25 °C 
30 
480 
mV 
Iq = 5 mA to 200 mA 
10 
240 


Temperature coefficient 


of output voltago 
Iq = 5 mA 
0°C to 125°C 
-1.2 
mV/°C 


Output noise voltage 
f 
= 
10 Hz to 100 kHz 
25°C 
170 
pV 


Dropout voltage 
25-C 
2 
V 


Bias current 
25°C 
5 
6 
mA 


Bias current change 
lO = 200 mA, 
V| = 27 V to 38 V 
0°C to 125°C 
0.8 
mA 
Iq = 5 mA to 350 mA 
0°C to 125°C 
0.5 


Short-circuit 


output current 
V| = 35 V 
25°C 
240 
mA 


Peak output current 
25°C 
0.7 
A 


?pt noiso voltago and ripple 


must be taken into account 
'All characteristics are measured wun a capacitor across the input of 0.33 »iF and a capacitor across the output of 0.1 >.F. Allcharacteristics exc< 
rejection ratio are moasured using pulse techniques ttw s 10 ms. duty cycle s 5%). Output voltage changes duo to changes in internal tomperaturo 


separately. 
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SERIES UA78M00 
POSITIVE-VOLTAGE REGULATORS 


THERMAL INFORMATION 
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1 
Voltage Regulators 


LINEAR 
INTEGRATED 
CIRCUITS 


3-Terminal Regulators 


Output Current up to 1.5 A 


No External Components 


Internal Thermal Overload Protection 


High Power Dissipation Capability 


Internal Short-Circuit Current Limiting 
Output Transistor Safe-Area Compensation 


Essentially Equivalent to National LM320 Series 


Direct Replacements for Fairchild pA7900 Series 


and National LM79XX Series 


description 


This 
series 
of 
fixed-negative-voltage 
monolithic 
integrated-circuit 
voltage regulators is designed 
to 
complement 
Series 
uA7800 
in a wide 
range of 
applications. These applications include on-card regu 
lation 
for 
elimination 
of 
noise 
and 
distribution 
problems associated with single-point regulation. Each 
of these regulators can deliver up to 1.5 amperes of 
output current. The 
internal current limiting and 
thermal shutdown features of these regulators make 
them essentially immune to overload. In addition to 
use as fixed-voltage regulators, these devices can be 
used with external components to obtain adjustable 
output voltages and currents and also as the power 
pass element in precision regulators. 


schematic 


All component values are nominal. 


Texas 
Instruments 


SERIES uA7900 
NEGATIVE-VOLTAGE REGULATORS 


D2215. JUNE 1976-REVISED AUGUST 1983 


NOMINAL 


OUTPUT 
REGULATOR 


VOLTAGE 


-5 V 
UA7905C 


-5.2 V 
UA7952C 


-6V 
UA7906C 


-8 V 
UA7908C 


-12 V 
UA7912C 


-15 V 
UA7915C 


-18 V 
UA7918C 


-7>\ V 
UA7924C 


KCPACKAGE 


(TOP VIEW) 


THE INPUT TERMINAL IS IN 
ELECTRICAL CONTACT WITH 
THE MOUNTING BASE 
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SERIES uA7900 
NEGATIVE-VOLTAGE REGULATORS 


absolute maximum ratings over operating temperature range (unless otherwise noted) 


UA7905C 


THRU 


UA7924C 


UNIT 


Input voltage 
UA7924C 
-40 
V 
All others 
-35 


Continuous total dissipation at 25°C free-air temperature (see Note 1) 
2 
W 


Continuous total dissipation at (or bolow) 25°C case temperature (see Note 1) 
15 
W 


Operating free-air, case, or virtual junction temperature range 
0 to 150 
°C 


Storage temperature range 
-65 to 150 
C 


Lead temperature 3,2 mm (1/8 inch) from case for 10 seconds 
260 
°C 


NOTE 1:Foroperation above25"Cfree-air orcase temperature, referto Figures 1and2.Toavoid exceeding the designmaximum virtual junction temperaturo. 
theseratings should notbeexceeded. Due tovariations inindividual device electrical characteristics andthermal resistance, thebuilt-in thermal overioad 
protection may bo activated ot power levels slightlyabove or below the rated dissipation. 
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recommended operating conditions 
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MIN 
MAX 
UNIT 


Input voltage, V| 


UA7905C 
-7 
-25 


V 


UA79S2C 
-7.2 
-25 


UA7906C 
-8 
-25 


UA7908C 
-10.5 
-25 


UA7912C 
-14.5 
-30 


UA7915C 
-17.5 
-30 


UA7918C 
-21 
-33 


UA7924C 
-27 
-38 


Output current, lo 
1.5 
A 


Operating virtual junction temperature. Tj 
0 
125 
'c 
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TYPES UA7905C, uA7952C 
NEGATIVE-VOLTAGE REGULATORS 


uA7905C electrical characteristics at specified virtual junction temperature, 
V| = —10V, Iq = 500 mA (unless otherwise noted) 


PARAMETER 
TESTCONDITIONSt 
UA7905C 
UNIT 
MIN 
TYP 
MAX 


Output voltage 


25°C 
-1.8 
-5 
-5.2 


V 
lO ° 5 mA to 1 A, 


P< 15W 


V| = -7V to-20 V, 
0°Cto 125°C 
-4.75 
-5.25 


Input regulation 
V| = -7 V to -25 V 
25° C 
12.5 
50 
mV 
V| - -8 Vto-12 V 
4 
15 


Ripple rejection 
V| - -8 Vto-18 V. 
f • 120 Hz 
03Cto 125°C 
54 
60 
dB 


Output regulation 
Iq = 5 mA to 1.5 A 
25° C 
15 
100 
mV 
lO " 250 mA to 750 mA 
5 
50 


Temperature coefficient 


of output voltage 
lO " 5 mA 
0°C to 125°C 
-0.4 
mV/'C 


Output noise voltage 
f = 10 Hz to 100 kHz 
25°C 
125 
MV 


Dropout voltage 
l0= 1 A 
25° C 
1.1 
V 


Bias current 
25°C 
1.5 
2 
mA 


Bias current change 
V, = -7 Vto-25 V 
0°Cto125°C 
0.15 
0.5 
mA 
Iq -• 5 mA to 1 A 
0.08 
0.5 


Peak output current 
25° C 
2.1 
A 


uA7952C electrical characteristics at specified virtual junction temperature, 
V| = —10 V, Iq = 500 mA (unless otherwise noted) 


PARAMETER 
TESTCONDITIONSt 
UA7952C 
UNIT 
MIN 
TYP 
MAX 


Output voltage 


25'C 
-5 
-5.2 
-5.4 


V 
l0 = 5mAto1A. 
V| = -7.2 Vto-20 V. 


P< 15W 
0°Cto 125°C 
-4.95 
-5.45 


Input regulation 
V, = -7.2 Vto -25 V 
25°C 
12.5 
100 
mV 
V| - -8.2 V to -12 V 
4 
50 


Ripple rejection 
V| - -8.2 V to-18 V. 
f = 120Hz 
0°Cto 125°C 
54 
60 
dB 


Output regulation 
lO • 5 mA to 1.5 A 
25° C 
15 
100 
mV 
lO " 250 mA to 750 mA 
5 
;>o 


Temperature coefficient 


of output voltage 
lO " 5 mA 
0°Cto 125°C 
-0.4 
mV/'C 


Output noise voltage 
f = 10Hzto100kHz 
25° C 
125 
PV 
I 
Dropout voltage 
l0-1 A 
25° C 
1.1 
V 


Bias current 
25° C 
1.5 
2 
mA 


Bias current change 
V| - -7.2 Vto -25 V 
0°Cto 125°C 
0.15 
1.3 
mA 
Iq " 5 mA to 1 A 
0.08 
0.5 


Peak output current 
25° C 
2.1 
A 


'All charactoristics are moasurod with n solid-tantalum capacitor across the input of 2 |iF and a solid-tantalum capacitor across tho output of 1 ;<F. All 
characteristics except noiso voltage and ripple rejection ratio ore measured using pulso techniques (tw 1 10 ms. duty cyclo 3 5%l. Output voltage changes 
due lo changos in internal temperature must be tokon into account separately. 
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TYPES UA7906C, uA7908C 
NEGATIVE-VOLTAGE REGULATORS 


uA7906C electrical characteristics at specified virtual junction temperature, 
V| = —11 V, Iq = 500 mA (unless otherwise noted) 


PARAMETER 
TESTCONDITIONSt 
UA7906C 
UNIT 
MIN 
TYP 
MAX 


Output voltage 


25° C 
-5.75 
-6 
-6.25 


V 
lO " 5 mA to 1 A, 


P< 15W 


V| »-8V to-21 V. 
0°Cto 125°C 
-5.7 
-6.3 


Input regulation 
V| = -8 Vto-25 V 
25° C 
12.5 
120 
mV 
V| --9 Vto -13 V 
4 
60 


Ripple rejection 
V| = -9 Vto-19 V, 
f- 120 Hz 
0'Cto 125°C 
54 
60 
dB 


Output regulation 
Iq b 5 mA to 1.5 A 
25° C 
15 
120 
mV 
lO " 250 mA to 750 mA 
5 
60 


Temperature coefficient 


of output voltage 
lO = 5 mA 
0°C to125°C 
-0.4 
mV/°C 


Output noise voltage 
f = 10 Hz to 100 kHz 
25° C 
150 
PV 


Dropout voltage 
lO" 1 A 
25° C 
1.1 
V 


Bias current 
25'C 
1.5 
2 
mA 


Bias current change 
V| = -8 V to -25 V 
0°Cto125°C 
0.15 
1.3 
mA 
Iq " 5 mA to 1 A 
0.08 
0.5 


Peak output current 
25 C 
2.1 
A 


uA7908C electrical characteristics at specified virtual junction temperature, 
V| = —14 V, Iq = 500 mA (unlessotherwise noted) 


PARAMETER 
TESTCONDITIONSt 
uA7908C 
UNIT 
MIN 
TYP 
MAX 


Output voltage 


25° C 
-7.7 
-8 
-8.3 


V 
l0»5mAto1A. 
V| = -10.5 Vto -23 V. 


P< 15W 
0°Cto125°C 
-7.6 
-8.4 


Input regulation 
V| - -10.5 V to -25 V 
25° C 
12.5 
160 
mV 
V| - -11 V to-17 V 
4 
80 


Ripple rejection 
V|--11.5 Vto-21.5 V. 
f= 120Hz 
O'Cto 125'C 
54 
60 
dB 


Output regulation 
Iq " 5 mA to 1.5 A 
25° C 
15 
160 
mV 
lO " 250 mA to 750 mA 
5 
80 


Temperature coefficient 


of output voltage 
lO • 5 mA 
0°Ctol25°C 
-0.6 
mV/"C 


Output noise voltage 
f ' 10 Hz to 100 kHz 
25° C 
200 
*<V 


Dropout voltage 
Iq= 1 A 
25°C 
1.1 
V 


Bias current 
25° C 
1.5 
2 
mA 


Bias current change 
V| - -10.5 Vto-25 V 
0°Cto 125°C 
0.15 
1 
mA 
Iq - 5 mA to 1 A 
0.08 
0.5 


Peak output current 
25°C 
2.1 
A 


'All characteristics aro measured with a solid-tantalum capacitor across thoinput of 2 pF and a solid-tantalum capacitor across ihe output of 1 pF. All 
characteristics except noise voltage and ripple rejection ratio aremeasured using pulse techniques ltw s 10ms.duty cycle s 5%). Output voltago changes 
duo to changes in intomal temperature must be taken into account separately. 
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TYPES UA7912C, uA7915C 
NEGATIVE-VOLTAGE REGULATORS 


uA7912C electrical characteristics at specified virtual junction temperature, 
V| = —19 V, Iq = 500 mA (unless otherwise noted) 


PARAMETER 
TESTCONDITIONS1 
UA7912C 
UNIT 
MIN 
TYP 
MAX 


Output voltage 


25° C 
-11.5 
-12 
-12.5 


V 
lO = 5 mA to 1 A. 
P< 15W 


V| • -14.5 V to-27 V, 
0°Cto125°C 
-11.4 
-12.6 


Input regulation 
V| = -14.5 V to -30 V 
25°C 
5 
80 
mV 
V| = -16 V to -22 V 
3 
30 


Ripple rejection 
V| = -15 Vto-25 V. 
f - 120 Hz 
0"Cto125°C 
54 
60 
dB 


Output regulation 
lO = 5 mA to 1.5 A 
25° C 
15 
200 
mV 
10 = 250 mA to 750 mA 
5 
75 


Temperature coefficient 


of output voltage 
l0 = 5mA 
0°C to 125°C 
-0.8 
mV/'C 


Output noise voltage 
f = 10 Hz to 100 kHz 
25°C 
300 
PV 


Dropout voltago 
IO= 1 A 
25°C 
1.1 
V 


Bias current 
25° C 
2 
3 
mA 


Bias current change 
V| - -14.5 V to -30 V 
0°Cto125°C 
0.04 
0.5 
mA 
Iq = 5 mA to 1 A 
0.06 
0.5 


Peak output current 
25°C 
2.1 
A 


uA7915C electrical characteristics at specified virtual junction temperature, 
V| = -23 V, Iq = 500 mA (unless otherwise noted) 


PARAMETER 
TESTCONDITIONSt 
UA7915C 
UNIT 
MIN 
TYP 
MAX 


Output voltage 


25°C 
-14.4 
-15 
-15.6 


V 
IO = 5mAto1A. 
V| =-17.5 V to-30 V, 
P< 15W 
0°Cto125°C 
-14.25 
-15.75 


Input regulation 
V| = -17.5 V to -30 V 
25° C 
5 
100 
mV 
V| = -20 V to -26 V 
3 
50 


Ripple rejection 
V| = -18.5 V to -28.5 V, 
f=120Hz 
0'Cto125°C 
54 
60 
dB 


Output regulation 
lO = 5 mA to 1.5 A 
25°C 
15 
200 
mV 
lO " 250 mA to 750 mA 
5 
75 


Temperature coefficient 
of output voltage 
lO = 5 mA 
0°C to 125°C 
-1 
mV/°C 


Output noise voltage 
f • 10 Hz to 100 kHz 
25°C 
375 
pV 


Dropout voltage 
l0= 1 A 
25°C 
1.1 
V 


Bias current 
25°C 
2 
3 
mA 


Bias current change 
V| = -17.5 V to-30 V 
0°C to 125°C 
0.04 
0.5 
mA 
Iq = 5 mA to 1 A 
0.06 
0.5 


Peak output current 
25 C 
2.1 
A 


All characteristics are measured with a solid-tantalum capacitor across tho input of 2 jiF and a solid-tantalum capacitor across the output of 1 <<F. All 
characteristics except noise voltage and ripple rejection ratio aro moasured using pulso techniques ltw s 10 ms. duty cycle < 5%). Output voltage changos 
due io changes in Internal temperature must be token into account soparately. 


to 


to 


3 
Ui 
03 
CC 


03 
Ui 
to 


O 
> 


Texas 
Instruments 


POST OFFICE BOX 225012 • 
DALLAS. TEXAS 75265 


6-205 


< 
o 
l-f 
03 
CQ 
CD 


73 
CD 
CQC_ 


03 


to 


TYPES UA7918C, UA7924C 
NEGATIVE-VOLTAGE REGULATORS 


uA7918C electrical characteristics at specified virtual junction temperature, 
V| = —27 V, Iq = 500 mA (unless otherwise noted) 


PARAMETER 
TESTCONDITIONS' 
UA7918C 
UNIT 
MIN 
TYP 
MAX 


Output voltage 


25°C 
-17.3 
-18 
-18.7 


V 
lO " 5 mA to 1 A, 


P < 15 VV 


V| = -21 Vto-33 V. 
0°Ctol25°C 
-17.1 
-18.9 


Input regulation 
V| "-21 V to-33 V 
25° C 
5 
360 
mV 
V| = -24 V to-30 V 
3 
180 


Ripple rejection 
V| = -22 V to -32 V. 
f • 120 Hz 
0 Cto 125°C 
54 
60 
dB 


Output regulation 
Iq- 5mA to 1.5 A 
25°C 
30 
360 
mV 
lO " 250 mA to 750 rr A 
10 
180 


Temperature coefficient 


of output voltage 
lO * 5 mA 
0°C to 125°C 
-1 
mV/'C 


Output noise voltage 
f = 10 Hz to 100 kHz 
25 C 
450 
uV 


Dropout voltage 
IQ-1A 
25'C 
1.1 
V 


Bias curreni 
25'C 
2 
3 
mA 


Bias current change 
V| = -21 Vto -33 V 
0°Cto 125°C 
0.04 
1 
mA 
Iq • 5 mA to 1 A 
0.06 
0.5 


Peak output current 
25" C 
2.1 
A 


uA7924C electrical characteristics at specified virtual junction temperature, 
V| = -33 V, Iq = 500 mA (unlessotherwise noted) 


PARAMETER 
TESTCONDITIONSt 
UA7924C 
UNIT 
MIN 
TYP 
MAX 


Output voltago 


25 
C 
-23 
-24 
-25 


V 
Iq = 5 mA to 1 A. 


P< 15W 


V| = -27 V lo -38 V, 
0°Cto 125°C 
-22.8 
-25.2 


Input regulation 
V| = -27 V to -38 V 
25° C 
5 
480 
mV 
V|- -30 V to -36 V 
3 
240 


Ripple rejection 
V| = -28 V to-38 V, 
f = 120 Hz 
0°Cto 125°C 
54 
60 
dB 


Output regulation 
Iq°5 mA to 1.5 A 
25° C 
85 
480 
mV 
lO • 250 mA to 750 mA 
25 
240 


Temperature coefficient 


of output voltage 
Iq " 5 mA 
0°Cto125°C 
-1 
mV/°C 


Output noise voltage 
f = 10 Hz to 100 kHz 
25" C 
600 
"V 


Dropout voltage 
l0 = 1 A 
25" C 
1.1 
V 


Bias current 
25° C 
2 
3 
mA 


Bias current change 
V| • -27 Vto-38 V 
0°C to 125°C 
0.04 
1 
mA 
Iq " 5 mA to 1 A 
0.06 
0.5 


Peak output current 
25° C 
2.1 
A 


'All charactonstics are measured with a solid-tantalum capacitor across tho input of 2 pF and a solid-tantalum capacitor across tho output of 1 pF. All 
characteristics except noiso voltage and ripple rejection ratio are measured using pulse techniques (tw s 10 ms. duty cycle s 5%). Output voltago changes 
duo to changes in internal temperaturo must bo taken into account soparately. 
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LINEAR 
INTEGRATED 
CIRCUITS 


3-Terminal Regulators 


Output Current up to 500 mA 


No External Components 


High Power Dissipation Capability 


Internal Short-Circuit Current Limiting 


Output Transistor Safe-Area Compensation 


Direct Replacements for Fairchild pA79M00 
Series 


SERIES UA79M00 
NEGATIVE-VOLTAGE REGULATORS 


D2216. JUNE 1976-REVISED AUGUST 1983 


NOMINAL 
-55JCTO 150C 
0 CTO 125'C 


OUTPUT 
OPERATING 
OPERATING 


VOLTAGE 
TEMPERATURE RANGE TEMPERATURE RANGE 


-5 V 
UA79M05M 
UA79M05C 
-6V 
UA79M06M 
UA79M06C 


-8V 
UA79M08M 
UA79M08C 


-12 V 
UA79M12M 
uA79M12C 


-15V 
UA79M15M 
UA79M15C 


-20 V 
UA79M20C 


-24 V 
UA79M24C 


PACKAGE 
JG 
KC 


description 
schematic 


This 
series 
of 
fixed-negative-voltage 
monolithic 
integrated-circuit 
voltage regulators 
is designed 
to 
complement Series uA78M00 in a wide 
range 
of 
applications. These applications include on-card regu 


lation 
for 
elimination 
of 
noise 
and 
distribution 
problems associated with single-point regulation. Each 
of these regulators can deliver up to 500 miliiamperes 
of output current. The internal current limiting and 
thermal shutdown features of these regulators make 
them essentially immune to overload. In addition to 
use as fixed-voltage regulators, these devices can be 
used with external components to obtain adjustable 
output voltages and currents and also as the power 
pass element in precision regulators. 


terminal assignments 


uA79M_M.. .JG PACKAGE 


Resistor values shown are nominal and In ohms. 


(TOP VIEW) 


COMMONQl O 8pNC 
NCC2 
7^NC 
NCC 3 
6 3 INPUT 
OUTPUT £ 4 
5^NC 


NC—No internal connection 


uA79M_C. . .KC PACKAGE 


o 


(TOP VIEWI 


OUTPUT 
INPUT 
COMMON 


THE INPUT TERMINAL IS IN 
ELECTRICAL CONTACT WITH 


THE MOUNTING BASE 
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SERIES UA79M00 
NEGATIVE-VOLTAGE REGULATORS 


absolute maximum ratings over operating temperature range (unless otherwise noted) 


UA79M05M 


THRU 


UA79M15M 


UA79M05C 


THRU 


UA79M24C 


UNIT 


Input voltage 
UA79M20. UA79M24 
-40 
V 
All others 
-35 
-35 


Continuous total dissipation at 25°C free-air temperature (see Note 1) 
JG package 
1.05 
w 
KC (TO-220AB) package 
2 
Continuous total dissipation at (or below) 25°C case temperature 


(see Note 1) 
KC package 
7.5 
W 


Operating free-air, case or virtual junction temperature range 
-55 to 150 
0 to 150 
°C 
Storage temperature range 
-65 to 150 
-65 to 150 
°c 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds 
JG package 
300 
cc 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 
KC package 
260 
°c 


NOTE 1:Foroperation above 25°Cfroo-air orcasetemperaturo. refertoFigures 1through 3.Toavoid exceeding thedesign maximum virtual junction temperaturo. 
these ratings should not be exceeded. Due to variations in individualdvlce electrical characteristics and thermal resistance, the built-inthermal overload 
protection may be activated at power levels slightly above or below the rated dissipation. 


recommended operating conditions 


MIN 
MAX 
UNIT 


Input voltage, V| 


UA79M05M, uA79M05C 
-7 
-25 


V 


uA79M06M, uA79M06C 
-8 
-25 


UA79M08M. uA79M08C 
-10.5 
-25 


UA79M12M, uA79M12C 
-14.5 
-30 
uA79M15M, UA79M15C 
-17.5 
-30 


UA79M20C 
-23 
-35 


UA79M24C 
-27 
-38 
Output current, lg 
500 
mA 


Operating virtual junction temperature, Tj 
UA79M05M thru UA79M15M 
-55 
150 
°C 
UA79M05C thru uA79M24C 
0 
125 
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TYPES UA79M05M, uA79M05C 
NEGATIVE-VOLTAGE REGULATORS 


uA79M05M,uA79M05Celectrical characteristicsat specifiedvirtual junction temperature, 
V| =-10 V, Iq =350mA (unless otherwise noted) 


PARAMETER 
TESTCONDITIONST 
UA79M05M 
UA79M05C 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Output voltage 


25°C 
-4.8 
-5 
-5.2 
-4.8 
-5 
-5.2 


V 
Iq - 5 mAto 350 mA,V| =-7 V to -25 V 
-55CC to 150"C 
-4.75 
-5.25 


0°C to 125°C 
-4.75 
-5.25 


Input regulation 
V| = -7 V to -25 V 
25° C 
7 
50 
7 
50 
mV 
V| = -8V to-18 V 
3 
30 
3 
30 


Ripple rejection 
V| --8 Vto-18 V, 


f-120 Hz 
Iq= 100 mA 
-55" C to 150°C 
50 


dB 
O'-C to 125°C 
50 


Iq = 300 mA 
25" C 
54 
60 
54 
60 


Output regulation 
Iq = 5 mA to 500 mA 
25° C 
75 
100 
75 
100 
mV 
lO = 5 mA to 350 mA 
50 
50 


Temperature coefficient 


of output voltage 
lo = 5 mA 
-55" C to 150"C 
-1.5 
mV/°C 
0°C to 125"C 
-0.4 


Output noise voltage 
f = 10 Hz to 100 kHz 
25° C 
125 
400 
125 
"V 


Dropout voltage 
25"C 
1.1 
2.3 
1.1 
V 


Bios curront 
25° C 
1 
2 
1 
2 
mA 


Bias current change 
V| - -8 V to -25 V 
-55" C to 150°C 
0.4 


mA 
O'Cto 125"C 
0.4 


lO " 5 mA to 350 mA 
-55°C to 150°C 
0.4 


0°Cto 125°C 
0.4 


Short-circuit 


output curront 
V| = -30V 
25° C 
600 
140 
mA 


Peak output current 
25° C 
0.5 
0.65 
^A 
0.65 
A 


'All characteristics are measured with a 2-pF capacitor across tho Input and a 1-uF capacitor across tho output. All characteristics except noiso 
voltage and ripple rejection ratio are moasured using pulse techniques <tw< 10 mi, duty cycle < 5%). Output voltage changes due to changes 


in internal temperaturo must bo taken into account separately. 
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TYPES UA79M06M, uA79M06C 
NEGATIVE-VOLTAGE REGULATORS 


UA79M06M, uA79M06C electrical characteristicsat specifiedvirtual junction temperature, 
Vj= —11 V, Iq =350mA (unless otherwise noted) 


PARAMETER 
TESTCONDITIONS* 
UA79M06M 
UA79M06C 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Output voltage 


25" C 
-5.75 
-6 
-6.25 
-5.75 
-6 
-6.25 


V 
Iq • 5 mA to 350 mA, Vj - -8 V to -25 V 
-55'C io 150 C 
-5.7 
-6.3 
0'C to 125"C 
-5.7 
-6.3 


Input regulation 
V| = -8 Vto-25 V 
25°C 
7 
60 
7 
60 
mV 
V| = -9 Vto-19 V 
3 
40 
3 
40 


Ripple rejection 
V| = -9 Vto -19 V, 


f = 120 Hz 
lO" 100 mA 
-55 C to 150"C 
50 


dB 
0°C to 125"C 
50 
l0 = 300 mA 
25° C 
54 
60 
54 
60 


Output regulation 
lO1 5 mA to 500 mA 
25° C 
80 
120 
80 
120 
mV 
Iq = 5 mA to 350 mA 
55 
55 
Temperature coefficient 


of output voltage 
lO " 5 mA 
-55 C to 150"C 
-1.5 
mV/°C 
0°Cto125°C 
-0.4 
Output noise voltage 
f = lOHzto 100 kHz 
25° C 
150 
480 
150 
"V 
Dropout voltage 
25 C 
1.1 
2.3 
1.1 
V 


Bias current 
25 C 
1 
2 
1 
2 
mA 


Bias current change 
V| - -9 V to -25 V 
-55 C:o 150 C 
0.4 


mA 
OCio 125 
C 
0.4 


lO • 5 mA to 350 mA 
-55°Cto 150"C 
0.4 


O'C to 125° C 
o..; 


Short-circuit 


output current 
V| --30V 
25°C 
600 
140 
mA 


Peak output current 
25" C 
0.5 
0.65 
1.4 
0.65 
A 


'All characteristics aro moasured with a 2-uF capacitor across the Input and a 1-uF capacitor across tho output. All characteristics oxcept noise 
voltage and ripple rojection ratio oro measured using pulse techniques (tw < 10 ms, duty cycle < 5%). Output voltage changes duo to changes 


in internal temperaturo must bo taken into account separately. 
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TYPES uA79M08M, uA79M08C 
NEGATIVE-VOLTAGE REGULATORS 


uA79M08M, uA79M08C electrical characteristics at specified virtual junction temperature, 
V. =-19 V, l0 =350mA (unless noted) 


PARAMETER 
TEST CONDITIONS* 
UA79M08M 


MIN 
TYP 
MAX 


UA79M08C 


MIN 
TYP 
MAX 
UNIT 


Output voltage 


25'C 
-7.7 
-8 -8.3 
-7.7 
-8 
-8.3 


V 
l0 - 5 mA to 350 mA, V| = -10.5 V to -25 V 
-55" C to 150'C 
-7.6 
-8.4 


0 Cto 125'C 
-7.6 
8.-1 


Input regulation 
V| = -10.5 V to-25 V 
25° C 
8 
80 
3 
80 
mV 
V| = -11 V to -21 V 
4 
50 
••• 
50 


Ripple rejection 
V| • -11.5 V to-21.5 V, 
f- 120 Hz 


Iq • 100 mA 
-55 Cto 150'C 
50 


dB 
O'Cto 125"C 
50 


Iq = 300 mA 
25" C 
54 
59 
54 
59 


Output regulation 
lO " 5 mA to 500 mA 
25° C 
90 
160 
90 
160 
mV 
IO = 5 mA to 350 mA 
60 
60 


Tomporature coefficient 


of output voltago 
Iq = 5 mA 
-55'C to 150'C 
-2.4 
mVTC 
0cCto125"C 
-0.6 


Output noise voltage 
f = 10Hz to 100kHz 
25° C 
200 
640 
200 
PV 


Bias current 
25 C 
1 
2 
1 
2 
mA 


Bias curront change 


V| • -10.5 Vto-25 V 
-55" C to 150°C 
0.4 


mA 
0"C to 125°C 
0.4 


Iq = 5 mA to 350 mA 
-55° C to 150"C 
0.4 


0 C to 125'C 
0.4 


Short-circuit 


output current 
V| = -30 V 
25°C 
600 
140 
mA 


Peak output current 
25° C 
0.5 
0.65 
1.4 
0.65 
A 


'All characteristics aro measured with a 2-uF capacitor across the Input end a 1-uF capacitor across tho output. All characteristics except noise 
voltage and ripple rejection retlo are measured using pulse techniques (tw < 10 ms, duty cycle < 5%).Output voltage changes due to changes 


In Internal tomporature must bo taken into account separately. 
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TYPES UA79M12M, UA79M12C 
NEGATIVE-VOLTAGE REGULATORS 


UA79M12M, uA79M12C electrical characteristics at specified virtual junction temperature, 
Vj = -19 V, lQ = 350 mA (unless otherwise noted) 


PARAMETER 
UA79M12M 
UA79M12C 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Output voltage 


25° C 
-11.5 
-12 -12.5 -11.5 -12 -12.5 


V 
Iq - 5 mA to 350 mA. V| - -14.5 V to -30 V 
-55" Cto 150'C -11.4 
-12.6 


0°C to 125°C 
-11.4 
-12.6 


Input regulation 
V| =-14.5 Vto-30 V 
25°C 
9 
80 
9 
80 
mV 
V| = -15 Vto-25 V 
5 
50 
5 
50 


Ripple rejection 
V| 
•= -15 V to -25 V. 
I0 = 100 mA 
-55"Cto 150'C 
50 


dB 
0°Cto125°C 
50 
| lo • 300mA 
25° C 
54 
60 
54 
60 


Output regulation 
lO " 5 mA to 500 mA 
25°C 
65 
240 
65 
240 
mV 
Iq = 5 mA to 350 mA 
45 
45 


Temperature coefficient 


of output voltage 
lO " 5 mA 
-55°C to 150°C 
-3.6 
mV/"C 
0"Cto 125°C 
-0.8 


Output noise voltage 
f » 10 Hz to 100 kHz 
25° C 
300 
960 
300 
PV 


Dropout voltage 
25° C 
1.1 
22 
1.1 
V 


Bias current 
25° C 
1.5 
3 
1.5 
3 
mA 


Bias current change 
V|--14.5 Vto-30 V 
-55°Cto 150"C 
0.4 


mA 
0°Cto 125°C 
0.4 


lO- 5 mA to 350 mA 
-55°Cto 150"C 
0.4 


0°Cto125°C 
0.4 


Short-circuit 


output current 
V|- -30 V 
25° C 
600 
140 
mA 


Peak output current 
25" C 
0.5 
0.65 
1.4 
0.65 
A 


'All characteristics are measured with a 2-jiF capacitor across the input and a 1-uF capacitor across the output. All charocteriitlcs oxcept noise 
voltage and ripple rejection ratio are measured using pulse techniques (tw < 10 ms, duty cycle < 5%). Output voltage changes due to changes 


in internal temperature must be taken Into account separately. 
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TYPES UA79M15M, uA79M15C 
NEGATIVE-VOLTAGE REGULATORS 


uA79M15M, uA79M15C electrical characteristics at specified virtual junction temperature, 
Vi =—23 V, Iq =350 mA (unless otherwise noted) 


TEST CONDITIONS' 
uA79M15M 
UA79M15C 
UNIT 
PARAMETER 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Output voltage 


25" C 
-14.4 -15 
-15.6 
-14.4 -15 
-15.6 


V 
l0 - 5 mAto 350mA, V| - -17.5 Vto -30 V 
-55 C to 150'C -14.25 
-15.75 


0°Cto 125'C 
-14.25 
-15.75 


Input regulation 
V| --17.5 V to -30 V 
25°C 
9 
80 
9 
80 
mV 
V| = -18 V to-28 V 
7 
50 
7 
50 


Ripple rejection 
V| = -18.5 V to-28.5 V. 


f- 120 Hz 
lo • 100 mA 
-55"C to 150"C 
50 


dB 
0 Cto 125C 
50 


l0 = 300 mA 
25 C 
54 
59 
54 
59 


Output regulation 
Iq c 5 mA to 500 mA 
25° C 
65 
240 
65 
240 
mV 
IO = 5 mA to 350 mA 
45 
45 


Temperature coefficient 


of output voltage 
Iq " 5 mA 
-55'Cto 150'C 
-4.5 
mVfC 
O'Cto 125"C 
-1 


Output noise voltage 
f = 10 Hz to 100 kHz 
25'C 
3/b 
1200 
375 
mV 


Dropout voltage 
25" C 
1.1 
2.3 
1.1 
V 


25" C 
1.5 
3 
1.5 
mA 


Bias current change 


V| = -17.5 V to -30 V 
-55"C to 150*C 
0.4 


mA 
OX to 125°C 
0.4 


lO " 5 mA to 350 mA 
-55° Cto 150°C 
0.4 


0Xto125'X 
0.4 


Short-circuit 


output current 
V| --30V 
25° C 
600 
140 
mA 


Peak output current 
25° C 
0.5 0.65 
0.65 
A 


'All chorocteristlcs aro moasurod with a 2-uF capacitoracrosstho inputonda 1-uFcapacitoracrossthe output. Allcharacteristics except noiso 
voltageond ripple rejection ratio are moasurod usingpulsotechniques <tw < 10 ms,duty cycle < 5%).Output voltagechangesduo to changes 


In internal tomperoture must bo tokon into account sopnratoly. 
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TYPE UA79M20C 
NEGATIVE-VOLTAGE REGULATORS 


uA79M20C electrical characteristics at specified virtual junction temperature 
V| = -29 V, Iq = 350 mA (unless otherwise noted) 


PARAMETER 
TESTCONDITIONSt 
UA79M20C 
UNIT 
MIN 
TYP 
MAX 


Output voltage 
lO = 5 mA to 350 mA, V| = -23 V to -35 V 
25° C 
-19.2 
-20 
-20.8 
V 
0°Cto 125°C 
-19 
-21 


Input regulation 
V| = -23 Vto -35 V 
25° C 
12 
80 
mV 
V| = -24 V to -34 V 
10 
70 


Ripple rejection 
V| = -24 Vto-34 V, 


f = 120 Hz 
Iq= 100 mA 
0°Cto 125°C 
50 
dB 
Iq = 300 mA 
25° C 
54 
58 


Output regulation 
Iq = 5 mA to 500 mA 
25° C 
75 
300 
mV 
lO = 5 mA to 350 mA 
50 
Temperature coefficient 


of output voltage 
IO*5 mA 
0°Cto 125°C 
-1 
mV/X 


Output noise voltage 
f = 10 Hz to 100 kHz 
25° C 
500 
"V 
Dropout voltage 
25° C 
1.1 
V 
Bias current 
25° C 
1.5 
3.5 
mA 


Bias current change 
V| = -23 V to -35 V 
0°Cto125°C 
0.4 
mA 
lO • 5 mA to 350 mA 
0.4 
Short-circuit 


output current 
V| = -30V 
25° C 
140 
mA 


Peak output current 
25° C 
650 
A 


< 
'All characteristics 
o 
voltage and ripple 
l-f 
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TYPE UA79M24C 
NEGATIVE-VOLTAGE REGULATORS 


uA79M24C electrical characteristics at specified virtual junction temperature, 
V| =-33 V, Iq • 350 mA (unless otherwise noted) 


PARAMETER 
UA79M24C 
UNIT 
MIN 
TYP 
MAX 


Output voltage 
l0 = 5 mA to 350 mA, V| = -27 V to -38 V 
25° C 
-23 
-24 
-25 
V 
OX to 125°C 
-22.8 
-25.2 


Input regulation 
V| - -27 Vto-38 V 
25° C 
12 
80 
mV 
V| = -28 Vto-38 V 
12 
70 


Ripple rejection 
V| = -28 Vto-38 V, 


f = 120 Hz 
Iqc 100 mA 
OXto 125°C 
50 
dB 
Iq" 300 mA 
25° C 
54 
58 


Output regulation 
Iq1" 5 mA to 500 mA 
25° C 
75 
300 
mV 
Iq" 5 mA to 350 mA 
50 


Temperature coefficient 


of output voltage 
Iq= 5 mA 
0°Cto 125°C 
-1 
mV/°C 


Output noise voltage 
f = 10 Hz to 100 kHz 
25° C 
600 
pV 


Dropout voltage 
. 25°C 
1.1 
V 


Bias current 
25° C 
1.5 
3.5 
mA 


Bias current change 
V|=-27 Vto-38 V 
. 
OX to 125°C 
0.4 
mA 
Iqc 5 mA to 350 mA 
0.4 


Short-circuit 


output current 
V|= -30 V 
25° C 
140 
mA 


Peak output current 
25° C 
650 
A 


'All characteristics are measured with a 2-uF capacitor across tho input and a 1-uF capacitor across the output. All characteristics excopt noise 
voltage and ripple rejection ratio are measured using pulse techniques (tw < 10 ms. duty cycle < 5%). Output voltage changes due to changes 


In intornal temperature must be takon Into account soparately. 
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SERIES uA79M00 
NEGATIVE-VOLTAGE REGULATORS 
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THERMAL INFORMATION 


KCPACKAGE 
FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE 


1 
1 
Derating factor = 16 mW/°C 


F 0JA * 62 .5 C/W 


IX 


\ 
\ 
\ 
\ 


25 
50 
75 
100 
125 
TA-Free-Air Temperature—"C 


FIGURE 1 


150 


KCPACKAGE 


CASE TEMPERATURE 


DISSIPATION DERATING CURVE 


10 


9 


8 


Derating factor =250 mW/°C 


R0JC* 4°c/w 


7 


6 


5 


4 


3 


v\ 
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V 
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\\ 
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Tc—Case Temperature-°C 
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JG PACKAGE 


FREE-AIR TEMPERATURE 


DISSIPATION DERATING CURVE 
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Derating factor 8.4 mW7°C 
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FIGURE 3 
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LINEAR 
INTEGRATED 
CIRCUITS 


TYPES UC3846, UC3847 
CURRENT-MODE PULSE-WIDTH-MODULATION CONTROLLERS 


Automatic Feed-Forward Compensation 


Programmable Pulse-by-Pulse Current 
Limiting 


Automatic Symmetry Correction In 
Push-Pull Configuration 


• 
Parallel Operation Capability for Modular 
Power Systems 


• 
Differential Current Sense Amplifier with 
Wide Common-Mode Voltage Range 


• 
Double-Pulse Suppression 


• 
200-mA Toten-Pole Outputs 


• 
± 1% BandgapReference 


• 
Under-Voltage bckout 


• 
Soft-Start Capallity 


• 
Shutdown Functin 


• 
500-kHz Operatic 


• 
Direct Replacersnts for Unitrode 
UC3846 and U3847 


Output Logic: 
UC3846 . . 
UC3847.. 


description 


OF 


02823, OCTOBER 1983 


J OR N 


DUAL-IN-LINE PACKAGE 


(TOP VIEW) 


CUM ADJ £ 1 
Vref L 2 
CURR LIM fIN- Q3 
AMPL 
\|N+ £a 
ERROR /"IN + £$ 
AMPL \IN- £6 
COMP £ 7 
CT Cl 


OtsT] SHTDWN 
153 Vcc 
14 J B OUT 
13D vc 
12 ] GND 
,, 3 A OUT 
103 SYNC 
9^RT 


The UC3846 and UC3847 pulse-width-modulation controller integrated circuits are designed to offer 
improved performance and lower external parts count in fixed-frequency current-mode control systems. 
These devices provide improved line regulation, enhanced load response characteristics, and a simpler, 
easer-to-design control loop. Other advantages include inherent pulse-by-pulse current-limiting capability, 
automatic symmetry correction for push-pull converters, and the ability to parallel power modules while 
maintaining equal current sharing. 


Protection circuitry includes a latched comparator under-voltage lockout, programmable current limiting, 
and self-start capability. A shutdown function is also available; this can either initiate a complete shutdown 
with automatic restart, or latch the supply off. 


Other features include fully latched operation, double-pulse suppression, deadtime adjust capability, and 
a ±1% trimmed bandgap reference. 
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Voltage Regulators 


Linear Circuits 


General Information 


Thermal Information 


Operational Amplifiers 


Voltage Comparators 


Special Functions 


Voltage Regulators 


Data Acquisition 


Appendix 
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Data Acquisition 


SELECTION GUIDE 


single- and dual-slope A/D converters 


DEVICE 


NUMBER 
FUNCTION 
RESOLUTION 
RECOMMENDED 


COMPLEMENT 


TEMP' 


RANGE 
PACKAGE 
PAGE 


Dual-slope 


analog procesors 


13 Bits 
TL502. TL505 


or 


Microprocessor 


C 
N 
7-43 


TL501 
10-12 Bits 
C 
N 
7-43 


TL505 
8-10 Bits 
C 
N 
7-57 


TL502 
Digital processors with 


seven-segment outputs 
4 1/2 Digits 
Microprocessor 
C 
N 
7-43 


TL503 
Digital processors with 


BCD outputs 
4 1/2 Digits 
Microprocessor 
C 
N 
7-43 


TL507 
Pulse-width modulator for 


single-slope converter 
7 
Bits 
Microprocessor 
C 
N 
7-63 


TLC7126 
Dual-slope A/D converter 


and LCD driver 
3 1/2 Digits 
Microprocessor 
C 
N 
7-119 


successive-approximation A/D converters 


DEVICE 


NUMBER 


SIGNAL INPUTS 
ADDRESS 


AND DATA 


I/O FORMAT 


CONVERSION 
SPEED* 


(<1S) 


UNADJUSTED 


ERROR 


±LSB 


POWER 


DISSIPATION 


ImWI 


TEMPT 


RANGE 
PACKAGE 
PAGE 
DEDICATED 


ANALOG 


ANALOG/ 
DIGITAL1 


ADC0801 
1 
0 
Parallel 
100 
29 
N 
7-5 


ADC0802 
1 
0 
Parallel 
100 
0.5 
29 
N 
7-5 


ADC0803 
1 
0 
Parallel 
100 
29 
N 
7-5 


ADC0S05 
1 
0 
Parallel 
100 
0.5 
29 
N 
7-5 


ADC0804C 
1 
0 
Parallel 
100 
1 
29 
C 
N 
7-11 


ADC0808 
8 
0 
Parallel 
100 
0.75 
12 
N 
7 17 


ADC0809 
8 
0 
Parallel 
100 
1.25 
12 
N 
7-17 


ADC0831 
1 
0 
Serial 
84 
0.5 
15 
N 
7-23 


ADC0832 
2 
0 
Serial 
84 
0.5 
15 
N 
7-23 


ADC0834 
4 
0 
Serial 
84 
0.5 
15 
N 
7-23 


ADC0838 
8 
0 
Serial 
84 
0.5 
15 
N 
7-23 


7-67 


TL521 
8 
0 
Parallel 
100 
1 
2 
N 
7-67 


TL522 
8 
0 
Parallel 
208 
0.5 
0.3 
N 
7-67 


TL530' 
8 
6 
Parallel 
300 
0.5 
15 
N 


TL531^ 
8 
6 
Parallel 
300 
1 
15 
N 
7-77 


TL532 
5 
6 
Parallel 
300 
0.5 
15 
N 
7-87 


TLC532A 
5 
6 
Parallel 
15 
0.5 
6 
M.l 
FH.J.N 
7 101 


TL533 
5 
6 
Parallel 
300 
1 
15 
1 
N 
7-87 


TLC533A 
5 
6 
Parallel 
15 
1 
6 
M.l 
FH.J.N 
7-101 


TLC540 
1 1 
0 
Serial 
12 
0.5 
6 
M.l 
FK.FN.J.N 
7-109 


TLC541 
11 
0 
Serial 
34 
1 
6 
M,l 
FK.FN.J.N 
7-109 


TLC549 
1 
0 
Serial 
19 
0.5 
6 
M.l 
JG.P 
7115 


'M = 
-55°C to 125°C. I = -40°C to 85°C. C • 0°C to 70°C. 
: Analog/digital signal inputs can beused either asdigital inputs for limiting sensing ordigital data, orthey can beused asanalog inputs. 
For example: theTL530 can have 15analog inputs and 6digital outputs. 9analog inputs and 12digital inputs, or any combination inbetween. 


^Includes access time. 
IThe TL530 and TL531 devices also have 6 dedicated digital inputs. 
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analog switches 


DEVICE 


NUMBER 
FUNCTION 


TYPICAL 


IMPEDANCE 


(OHMI 


VOLTAGE 


RANGE 


(VI 


POWER 


SUPPLIES 


(VI 


TEMP* 


RANGE 
PACKAGE 
PAGE 


TL182 
Twin SPDT 
100 
= 10 
= 15, 5 
M.I.C 
J.N 
7-37 


TL188 


Twin DPST 
150 
= 10 
= 15. 5 
M.I.C 
J.N 
7-37 


TL191 
Twin dual SPST 
150 
= 10 
= 15. 5 
M.I.C 
J.N 
7-37 
TL601 
SPDT 


Not recommended for new designs 


M.I.C 
JG.P 
7-95 
TL604 
Dual SPST 
M.I.C 
JG.P 
7 
95 
TL607 
SPDT with enable 
M.I.C 
JG.P 
7-95 
SPST with logic inputs 
M.I.C 
JG.P 
7-95 


TM - 
-55°C to 125°C. 1 - 
-40°C to i 5°C. C 
- 
0°C to 70 °C. 
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TYPES ADC0801, ADC0802, ADC0803, ADCQ805 
8-BIT ANALOG-TO-DIGITAL CONVERTERS 
WITH DIFFERENTIAL INPUTS 


DATA 
ACQUISITION 
CIRCUITS 
D2754, NOVEMBER 1983 


8-Bit Resolution 


Ratiometric Conversion 


100 /i8 Conversion Time 


135 ns Access Time 


• 
Guaranteed Monotonicity 


• 
High Reference Ladder Impedance 
8 kfi Typical 


• 
No Zero Adjust Requirement 


• 
On-Chip Clock Generator 


• 
Single 5-Volt Power Supply 


• 
Operates With Microprocessor or as 
Stand-Alone 


• 
Designed to be Interchangeable with 
National Semiconductor ADC0801, 
ADC0802, ADC0803, ADC0805 


description 


The ADC0801, ADC0802, ADC0803, and ADC0805 are CMOS 8-bit successive-approximation analog- 
to-digitalconverters that use a modified potentiometric(256R)ladder. These devices are designed to operate 
from common microprocessor control buses, with the three-state output latches driving the data bus. The 
devices can be made to appear to the microprocessor as a memory location or an I/O port. 


A differential analog voltage input allows increased common-mode rejection and offset of the zero-input 
analogvoltage value. Although a referenceinput (REF/2) is available to allow8-bit conversionover smaller 
analog voltage spans or to make use of an external reference, ratiometric conversion is possible with the 
REF/2 input open. Without an external reference, the conversion takes place over a span from Vcc t0 
analog ground (ANLG GND). The devices can operate with an external clock signal or, with an additional 
resistor and capacitor, can operate using an on-chip clock generator. 


The ADC0801I, ADC0802I, ADC0803I, and ADC0805I will be characterized for operation from -40°C 
to 85 °C. 


PRODUCT PREVIEW 


N DUAL-INLINE PACKAGE 


(TOP VIEWI 


CS Ql U20Q VCC 'OR REF 
RD £ 2 
193 CLK OUT 
18] DBO (LSB) 
17] DB1 
16] DB2 
15] DB3 
14] DB4 
13] DB5 
12] DB6 
11] DB7 (MSB) 


WR £ 3 
CLK IN £ 4 
INTR £5 
IN + £ 6 
IN- C? 
ANLG GND £ 8 
REF/2 £ 9 
DGTL GND £ 10 


kDATA 
'outputs 


Copyright © 1983 by Texas Instn 
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TYPES ADCOBOh ADC0802, ADC0803, ADC0805 
8-BIT ANALOG-TO-DIGITAL CONVERTERS 
WITH DIFFERENTIAL INPUTS 


functional block diagram (positive logic) 
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TYPES ADC0801, ADC0802, ADC0803, ADC0805 
8-BIT ANALOG-TO-DIGITAL CONVERTERS 
WITH DIFFERENTIAL INPUTS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc (see Note 1) 
6.5 V 
Input voltage range CS, RD, WR 
-0.3 Vto 18 V 
Other inputs 
-0.3 V to Vcc +0.3 V 
Output voltage range 
-0.3 V to Vcc +0.3 V 
Continuous total power dissipation at 25°C free-air temperature (see Note 2) 
875 mW 
Operating free-air temperature range 
-40°C to 85 °C 
Storage temperature range 
-65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 
260°C 


NOTES: 1. All voltago values arowithrospect todigital ground IDGTL GNDI with DGTL GND andANLG GND connected together (unless otherwise noted). 
2, Foroperation above 25°C free-air temperature, relerto Dissipation Derating Curves, section2. 


recommended operating conditions 


MIN 
NOM 
MAX 
UNIT 


vcc 
Supply voltage 
4.5 
5 
6.3 
V 


VREF/2 
Voltage at REF/2 (sec Note 31 
0.25 
2.5 
V 


V|H 
High-level input voltage at CS. RD. or WR 
2 
15 
V 


V|L 
Low-level input voltage at CS. RD, or WR 
0 
B 
V 


Analog ground voltago (see Note 4) 
0.05 
0 
1 
V 


Analog input voltago (see Note 5) 
GND-0.05 
Vcc + 0.05 
V 


'clock 
Clock input frequency (see Note 6) 
100 
640 
1460 
kHz 


Duty cycle above 640 kHz (see Note 61 
40 
60 
% 


'w(CLK) 
Pulse duration clock input (high or low! 
2 7 5 
781 
ns 


'w(WR) 
Pulse duration, WR input low 
100 
ns 


TA 
Operating free-air temperature 
-40 
85 
°C 


3. 
Proper operation is achieved over a differential input range of 0 V to Vr.r,when the REF/2input is open. 
4. 
These values are with rospect to digital ground Ipin 101. 
5. When the positive analog input with respect to tho negativeanalog Input(Vin + - V|n_l is zero or negative, the output codo is 0000 0000. 
6. Total unadjusted error isguaranteed only at anfc|ock of640 kHz witha dutycycleof40%to 60%Ipulso duration 625 nsto 937 nsl. For frequencies 
above thislimitor pulse duration below 625 ns. errormay increase. Thoduty cyclelimitsshouldbo observed foran fc|OCK greator than 640 kHz. 
Below 640 kHz. this duty cycle limit can be exceededprovided tw((;LK) romBins within limits. 
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TYPES AOC0801, ADC0802, ADC0803, ADC0805 
8-BIT ANALOG-TO-DIGITAL CONVERTERS 
WITH DIFFERENTIAL INPUTS 


electrical 


Tclock 
= 
characteristics over recommended operating free-air temperature range, Vcc 
640 kHz, Vref/2 = 2 V (unless otherwise noted) 
= 
5 V, 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP' 
MAX 
UNIT 


VOH 
High-level 


output voltage 


All outputs 
VCC = 4-75 v- 
l0H = -360M 
2.4 
V 
DB and INTR 
VCc • 
4-75 V, 
lOH - 
-10MA 
4.5 


vol 


Low-level 


output 


voltage 


Data outputs 
VCC - 4.75 V. 
Iol • 
1-6 mA 
0.4 


V 
INTR output 
VCC " 4.75 V. 
IqL = 1 mA 
0.4 


CLK OUT 
Vcc " 4-75 v- 
Iql = 360 pA 
0.4 


vT + 
Clock positive-going 


threshold voltage 
2.7 
3.1 
3.5 
V 


vT- 
Clock negative-going 


threshold voltage 
1.5 
1.8 
2.1 
V 


vT--vT 
Clock input hysteresis 
0.6 
1.3 
2 
V 
l|H 
High-level input current 
0.005 
1 
pA 


IlL 
Low-level input current 
-0.005 
-1 
pA 


"OZ 
Off-state output current 
V0 
• 
0 
-3 
pA 
V0 
-- 5 V 
3 


"OHS 
Short-current 


output current 
Output high 
V0 
- 
o. 
TA = 25°C 
-4.5 
-6 
mA 


•OLS' 
Short-circuit 


output current 
Output low 
V0 
• 
5 V. 
TA = 25°C 
9 
16 
mA 


ice 
Supply current plus 


reference current 
VREF/2 • 
open. 
CS at 5 V 
TA = 25 °C. 
1.1 
1.8 
mA 


RREF/2 
Input resistance to 


roference ladder 
See Note 7 
2.5 
8 
kfl 


c, 
Input capacitance (control) 
5 
7.5 
pF 


Co 
Output capacitance (DBI 
5 
7.5 
pF 


NOTE 7: Resistance is calculated from tho current drawn from a 5-volt supply applied to pins 8 and 9. 


operating characteristics over recommended operating free-air temperature, Vcc = 5 
VREF/2 = 2.5 V, fc|ock = 640 kHz (unless otherwise noted) 
V, 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP' 
MAX 
UNIT 
Supply-voltage-variation error 
VCc = 4-5 V to 5.5 V. 
See Note 8 
±1/16 
±1/8 
LSB 


Total adjusted error 
ADC0801 
With full-scale adjust, 
See Notes 8 and 9 
±1/4 
lsb 
ADC0803 
±1/2 


Total unadjusted error 
ADC0802 
vREF/2 = 2-5 v- 
See Notes 8 and 9 
±1/2 
LSB 
AOCOBGf: 
VREF 2 open, 
See Notes 8 and 9 
±1 


DC common-mode error 
See Note 8 and 9 
±1/16 
±1.8 
LSB 
ten 
Outpul enable time 
Cl = 100 pF 
135 
200 
ns 
'dis 
Output disable time 
CL = 10 pF. 
RL = 10 k!) 
125 
200 
ns 
'd(INTR) 
Delay time to reset INTR 
300 
450 
ns 


'conv 
Conversion cycle time 
'clock = '00 kHz to 1.46 MHz. 


See Note 10 
66 
73 
clock 


cycles 


CR 
Free-running conversion rate 
INTR connected to WR. 
CS at 0 
V 
8770 
CO"". 
. 


'All typical values are at TA • 25°C. 
NOTES: 
8. 
Those parameters are guaranteed over the recommended analog input voltage rango. 
9. 
All errors are measured with reference to an ideal straight line through the end-points of the analog-to-digital transfer characteristic. 
10. 
Although internal conversion is completed in 64 clock periods, a CS or WR low-to-high transition is followed by 1 to 8 clock periods before 
conversion starts. After conversion is completed, part of anothor clock period is required bof oro o high-to-low transition of INTR completes the cycle. 
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TYPES ADC0801, ADC0802, ADC0803, ADC0805 
8-BIT ANALOG-TO-DIGITAL CONVERTERS 
WITH DIFFERENTIAL INPUTS 


PARAMETER MEASUREMENT INFORMATION 
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TYPES ADC0801 ADC0802, ADC0803, ADC0805 
8-BIT ANALOG-TO-DIGITAL CONVERTERS 
WITH DIFFERENTIAL INPUTS 


PRINCIPLES OF OPERATION 


The ADC0801, ADC0802, ADC0803, and ADC0805 each contain a circuitequivalent to a 256-resistor 
network. Analog switchesaresequencedbysuccessive approximation logic to matchananalog differential 
inputvoltage (Vjn + - Vjn-) to a corresponding tap onthe 256R network. The most-significant bit (MSB) 
is tested first. After eight comparisons (64 clock periods), an eight-bit binary code (1111 1111 = full 
scale)istransferred to an output latchand the interrupt (INTR) output goes low.Thedevicecan be operated 
in a free-running mode by connecting the INTR output to the write (WR) input and holding the conversion 
start (CS) input at a low level. To ensure start-up under all conditions, a low-level WR input is required 
during the power-up cycle. Taking CS low anytime after that will interrupt a conversion in process. 


When the WR input goeslow^the internal successive approximation register (SAR) andeight-bit shiftregister 
are reset. As long as both CS and WR remain low, the analog-to-digital converter will remain in a reset 
state. One to eight clock periods after CS or WR makes a low-to-high transition, conversion starts. 


Whenthe CSand WR inputs are low, the start flip-flop isset and the interruptflip-flop and eight-bit register 
are reset. The next clock pulse transfers a logic high to the output of the start flip-flop. The logic high 
is ANDed with the next clock pulse placinga logic high on the reset input of the start flip-flop. If either 
CS or WR have gone high, the set signal to the start flip-flop is removed causingit to be reset. A logic 
high is placed on the D input of the eight-bit shift register and the conversion process is started. If the 
CS and WR inputs are still low, the start flip-flop, the eight-bit shift register, and the SAR remain reset. 
This action allows for wide CS and WR inputs with conversion starting from one to eight clock periods 
after one of the inputs goes high. 


When the logichigh input has been clocked through the eight-bit shift register, completing the SARsearch, 
it is applied to an AND gate controlling the output latches and to the D input of a flip-flop. On the next 
clock pulse, the digital word is transferred to the three-state output latches and the interrupt flip-flop is 
set. The output of the interrupt flip-flop is inverted to provide an INTR output that is high during conversion 
and low when the conversion is completed. 


When a low is at both the CSand RD inputs, an_output_is applied to the DBO through DB7 outputs and 
the interrupt flip-flop is reset. When either the CS or RD inputs return to a high state, the DBO through 
DB7 outputs are disabled (returned to the high-impedance state). The interrupt flip-flop remains reset. 
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DATA 
ACQUISITION 
CIRCUITS 


8-Bit Resolution 


Ratiometric Conversion 


100 /is Conversion Time 


135 ns Access Time 


• 
No Zero Adjust Requirement 


• 
On-Chip Clock Generator 


• 
Single 5-Volt Power Supply 


• 
Operates With Microprocessor or as 
Stand-Alone 


• 
Designed to be Interchangeable with 
National Semiconductor ADC0804LCN 


description 


The ADC0804C is a CMOS 8-bit successive-approximation analog-to-digital converter that uses a modified 
potentiometric (256R) ladder. The ADC0804 is designed to operate from common microprocessor control 
buses, with the three-state output latches driving the data bus. The ADC0804 can be made to appear 
to the microprocessor as a memory location or an I/O port. 


A differential analog voltage input allows increased common-mode rejection and offset of the zero-input 
analog voltage value. Although a reference input (REF/2)is available to allow 8-bit conversion over smaller 
analog voltage spans or to make use of an external reference, ratiometric conversion is possible with the 
REF/2 input open. Without an external reference, the conversion takes place over a span from Vcc t0 
analog ground (ANLGGND). The ADC0804 can operate with an external clock signal or, with an additional 
resistor and capacitor, can operate using an on-chip clock generator. 


The ADC0804C is characterized for operation from 0°C to 70°C. 


TYPE ADC0804C 
8-BIT ANALOG-TO-DIGITAL CONVERTER 
WITH DIFFERENTIAL INPUTS 
02755. OCTOBER 1983 


N DUAL-IN-LINE PACKAGE 


(TOP VIEWI 


CS Qi U20Q VCC (OR REF) 
RD £ 2 
193 CLK OUT 
18] DBO (LSB) ^ 
'O DB1 
16J DB2 
153 DB3 
143 DB4 
13] DB5 
12] DB6 
11 3 DB7 (MSB) J 


WR C3 
CLK IN £ 4 
INTR £$ 
IN t £ 6 
IN- £ J 
ANLG GND £ 8 
REF/2 £ 9 
DGTL GND £ 10 


DATA 


OUTPUTS 


Copyright 6 
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TYPE ADC0804C 
8-BIT ANALOG-TO-DIGITAL CONVERTER 
WITH DIFFERENTIAL INPUTS 


functional block diagram (positive logic) 
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TYPE ADC0804C 
8-BIT ANALOG-TO-DIGITAL CONVERTER 
WITH DIFFERENTIAL INPUTS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vqc (see Note 1) 
6.5 V 
Input voltage range CS, RD, WR 
-0.3 V to 18 V 
other inputs 
- 0.3 V to Vcc + 0-3 V 
Output voltage range 
- 0.3 V to Vcc + 0.3 V 
Continuous total power dissipation at 25 °C free-air temperature (see Note 2) 
875 mW 
Operating free-air temperature range 
0°C to 70 °C 
Storage temperature range 
-65°C to 150 °C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 
260 °C 


NOTES: 1. Allvoltage values are with respect to digital ground (DGTL GND) with DGTL GNDand ANLG GNDconnected together (unless otherwise noted). 
2. 
For operation above 25°C free-air temperature, refer to Dissipation Derating Curves. Section 2. 


recommended operating conditions 


MIN 
NOM 
MAX 
UNIT 
vcc 
Supply voltage 
4.5 
5 
6.3 
V 


vREF/2 
Voltage at REF/2 (see Note 3) 
0.25 
2.5 
V 


V|H 
High-level input voltage at CS, RD, or WR 
2 
15 
V 


VlL 
Low-level input voltage at CS, RD, or WR 
0.8 
V 
Analog ground voltage (see Note 4) 
-0.05 
0 
1 
V 
Analog input voltage (see Note 5) 
GND-0.05 
VCC+0.05 
V 
'clock 
Clock input frequency (see Note 6) 
100 
640 
1460 
kHz 
Duty cycle above 640 kHz (see Note 6) 
40 
60 
% 


tyy(CLK) 
Pulse duration clock input (high or low) (see Note 61 
275 
781 
ns 
'w(WR) 
Pulse duration, WR input low 
100 
ns 


TA 
Operating free-air temperature 
0 
70 
°C 


3. Proper operation is achieved overa differential inputrangeof 0 V to Vcc when the REF/2 inputis open. 
4. 
These values are with respect to digital ground (pin 10). 
5. Whenthe positive analoginputwithrespect to the negative analog inputIVin+ - Vin_l is zeroor negative,the output code is 0000 0000. 
6. Total unadjusted error is guaranteed only at an lc\oc^of 640 kHzthis with a duty cycle of 40% to 60% (pulse duration 625 ns to 937 nsl. 
For frequencies above this limit orpulse duration below 625ns.error may increase. The duty cycle limits should beobserved for anfci0ck greater 
than 640 kHz. Below 640 kHz. this duty cycle limit canbeexceeded provided tw|CLK) remains within limits. 
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TYPE ADC0804C 
8-BIT ANALOG-TO-DIGITAL CONVERTER 
WITH DIFFERENTIAL INPUTS 


electrica 
vcc = 
characteristics over recommended operating free-air temperature range, 
5 V, fclock = 640 kHz, REF/2 
= 2.5 V (unless otherwise noted) 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP' 
MAX 
UNIT 


Voh 
High-level output voltage 
All outputs 
Vcc = 4-75 v. 
l0H 
= 
- 360,-A 
2.4 
V 
DB and INTR 
Vcc = 4-75 v. 
l0H = -iOpA 
4.5 


vol 
Low-level output voltage 


Data outputs 


INTR output 


CLK OUT 


VCC - "-75 V. 'OL = 1.6 mA 
0.4 


V 
Vcc = 4-75 v. Iql = 1 mA 
0.4 


VCC ^ 4-75 V, Iql = 360 ^A 
0.4 


vT + 
Clock positive-going 


threshold voltage 
2.7 
3.5 
V 


VT- 
Clock negative-going 


threshold voltage 
1.5 
1.8 
2.1 
V 


vT.-vT _ 
Clock input hysteresis 
0.6 
1.3 
2 
V 


l|H 
High-level input current 
0.005 
1 
/'A 


l|L 
Low-level input current 
0 005 
1 
pA 


ioz 
Off-state output current 
V0 
= 0 
-3 
pA 
V0 - 
5 V 
3 


>0HS 
Short-circuit output current 
Output high 
v0 = o. 
TA 
= 25°C 
-4.5 
-6 
mA 


'OLS 
Short-circuit output current 
Output low 
V0 
= 5 V. 
TA = 25°C 
<) 
16 
mA 


'cc 
Supply current plus referenc 9 current 
REF/2 open, 
TA = 25°C 


CS at 5 V. 
1.9 
2.5 
mA 


RREF/2 
Input resistance to reference ladder 
See Nov.- 
7 
1 
1.3 
kQ 


Ci 
Input capacitance (control) 
5 
7.5 
pF 
Co 
Output capacitance (DB) 
5 
7.5 
pF 


'All typical values are at T^ = 25°C 
NOTE 7: The resistance is calculated from the current drawn from a 5-volt supply applied to pins 8 and 9. 


operating characteristics over recommended operating free-air temperature, 
Vcc = 5 V, Vref/2 = 2.5 V, fc|ock = 640 kHz (unless otherwise noted) 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP' 
MAX 
UNIT 


Supply-voltage-variation error 
VCc • 4-5 V to 5.5 V, 


See Note 8 
±1/16 
±1/8 
LSB 


Total unadjusted error 
See Notes 8 and 9 
±1 
LSB 


DC common-mode error 
See Note 9 
-1/16 
±1/8 
LSB 
ten 
Output enable time 
CL 
100 pF 
135 
200 
ns 
tdjs 
Output disable time 
Cl = 10 pF. 
RL = 10 kfl 
125 
200 
ns 
'd(INTR) 
Delay time to reset INTR 
300 
450 
ns 


'conv 
Conversion cycle time 
'clock = 100 kHz to 1.46 MHz. 


See Note 10 
66 
73 
clock 


cycle-. 


CR 
Free-running conversion rate 
INTR connected to WR. 
CSat 0 
V 
8770 
conv/s 


'All typical values are at T^ » 25°C. 
NOTES: 
8. 
These parameters are guaranteed over the recommended analog input voltage range. 
9. 
All errors are measured with reference to an ideal straight line through the end-points of the analog-todigitol transfer characteristic. 
10. 
Although internal conversion is completed in 64 clock periods, a CS or WR low-to-high transition is followed by 1 to 8 clock periods before 
conversion starts. After conversion is completed, part of another clock period is required before a high-to-low transition of INTRcompletes tho cycle. 
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timing diagrams 


TYPE ADC0804C 
8-BIT ANALOG-TO-DIGITAL CONVERTER 
WITH DIFFERENTIAL INPUTS 
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TYPE ADC0804C 
8-BIT ANALOG-TO-DIGITAL CONVERTER 
WITH DIFFERENTIAL INPUTS 


PRINCIPLES OF OPERATION 


The ADC0804 contains a circuit equivalent to a 256-resistor network. Analog switches are sequenced 
by successive approximation logic to match an analog differential input voltage (Vjn+ 
- 
Vjn_) to a 
corresponding tap on the 256-resistor network. The most-significant bit (MSB) is tested first. After eight 
comparisons (64 clock periods), an eight-bit binary code (1111 1111 
= full scale) is transferred to an 
output latch and the interrupt (INTR) output goes low. The device can be operated in a free-running mode 
by connecting the INTR output to the write (WR) input and holding the conversion start (CS) input at a 
low level. To ensure start-up under all conditions, a low-level WR input is required during the power-up 
cycle. Taking CS low anytime after that will interrupt a conversion in process. 


When the WR input goes low, the ADC0804 successive approximation register (SAR) and eight-bit shift 
register are reset. As long as both CS and WR remain low, the ADC0804C will remain in a reset state. 
One to eight clock periods after CS or WR makes a low-to-high transition, conversion starts. 


When the CS and WR inputs are low, the start flip-flop is set and the interrupt flip-flop and eight-bit register 
are reset. The next clock pulse transfers a logic high to the output of the start flip-flop. The logic high 
is ANDed with the next clock pulse placing a logic high on the reset input of the start flip-flop. If either 
CS or WR have gone high, the set signal to the start flip-flop is removed causing it to be reset. A logic 
high is placed on the D input of the eight-bit shift register and the conversion process is started. If the 
CS and WR inputs are still low, the start flip-flop, the eight-bit shift register, and the SAR remain reset. 
This action allows for wide CS and WR inputs with conversion starting from one to eight clock periods 
after one of the inputs goes high. 


When the logic high input has been clocked through the eight-bit shift register, completing the SAR search, 
it is applied to an AND gate controlling the output latches and to the D input of a flip-flop. On the next 
clock pulse, the digital word is transferred to the three-state output latches and the interrupt flip-flop is 
set. The output of the interrupt flip-flop is inverted to provide an INTR output that is high during conversion 
and low when the conversion is completed. 


When a low is at both the CS and RD inputs, an output is applied to the DBO through DB7 outputs and 
the interrupt flip-flop is reset. When either the CS or RD inputs return to a high state, the DBO through 
DB7 outputs are disabled (returned to the high-impedance state). The interrupt flip-flop remains reset. 
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DATA 
ACQUISITION 
CIRCUITS 


Total Unadjusted Error. .. f/2 LSB Max for 
ADC0808 and ±1 LSB Max for ADC0809 


Resolution of 8 Bits 


100 ais Conversion Time 


Ratiometric Conversion 


Guaranteed Monotonicity 


No Missing Codes 


Easy Interface with Microprocessors 


Latched 3-State Outputs 


Latched Address Inputs 


Single 5-Volt Supply 


Low Power Consumption 


Designed to be Interchangeable with 
National Semiconductor ADC0808, ADC0809 


description 


TYPES ADC0808, ADC0809 
CMOS ANALOG-TO-DIGITAL CONVERTERS 
WITH 8-CHANNEL MULTIPLEXERS 
D2642. JUNE 1981-REVISED OCTOBER 1983 


DUAL-INLINE PACKAGE 


(TOP VIEW) 
f3 Ql U28Q2 
4 £ 2 
27 3 1 
INPUTS < 
5L"3 
6C4 
.7C5 
START OF CONVERSION £ 6 
END OF CONVERSION £ 7 
2-5^8 
OUTPUT ENABLE £a 
CLK £ io 
VCC C11 
REF+ £ 12 
GND£i3 
2-7 f-,4 


} 


INPUTS 
26p 0." 
25] A" 
24 ] B 
23 3 C 
22 3 ADDRESS LOAD CONTROL 
21 3 2-1 (MSB) 
20] 2-2 
19] 2-3 
18] 2-4 
17 3 2-8 (LSB) 
16] REF- 
15] 2-6 


ADDRESS 


The ADC0808 and ADC0809 are monolithic CMOS devices with an 8-channel multiplexer, an 8-bit analog-to-digital 
(A/D) converter, and microprocessor-compatible control logic. The 8-channel multiplexer can be controlled by a 
microprocessor through a 3-bit address decoder with address load to select any one of eight single-ended analog switches 
connected directly to the comparator. The 8-bit A/D converter uses the successive-approximation conversion technique 
featuring a high-impedance threshold detector, a switched-capacitor array, a sample-and-hold, and a successive- 
approximation register (SAR). 


The comparison and converting methods used eliminate the possibility of missing codes, nonmonotonicity, and the 
need for zero or full-scale adjustment. Also featured are latched 3-state outputs from the SAR and latched inputs to 
the 
multiplexer address decoder. The single 5-volt supply and 
low power requirements make the ADC0808 and 
ADC0809 especially useful for a wide variety of applications. Ratiometric conversion is made possible by access to 
the reference voltage input terminals. 


The ADC0808 and ADC0809are characterized for operation from -40°C to 85°C. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vqc (see Note 1) 
6.5 V 
Input voltage range: control inputs 
- 0.3 V to 15V 
all other inputs 
-0.3 V to Vqc + 0.3 V 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2) 
875 mW 
Operating free-air temperature range 
-40°C to 85 °C 
Storage temperature range 
-65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case of 10 seconds 
260 °C 


NOTES: 1. 
All voltago values are with respect to network ground torminal. 
2. 
For operations above 25°C froo-air temperaturo. reler to Dissipation Deraling Curves. Seclion 2. 
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TYPES AOC0808, ADC08Q9 
CMOS ANALOG-TO-DIGITAL CONVERTERS 
WITH 8-CHANNEL MULTIPLEXERS 


functional block diagram (positive logic) 


,126) 
,127. 


,120) 
.ill 


,-SL 


. 
13) 
.M 


. 
15) 


START CONVERSION 


OUTPUT ENABLE- 


ADDRESS A 
ADDRESS B 


ADDRESS C 
ADDRESS LOAD 
CONTROL 


operating sequence 


START 
CONVERSION 


ADDRESS LOAD 
CONTROL 


ANALOG 


MULTI 
PLEXER 


ADDRESS 
DECODER 


rv,i 


UNARY-WEIGHTED 


CAPACITORS 


SWITCH 


MATRIX 


THRESHOLD 


DETECTOR 


TIMING 


> 
AND 
CONTROL 


ADDRESS STABLE 
3KH 
ADDRESS 
50% 
,-H—J-% 
X 
ANALOG INPUT 


MULTIPLEX OUTPUT 
(INTERNAL! 


END OF 
CONVERSION 


OUTPUT 
ENABLE 


LATCH OUTPUTS 


ANALOG VALUE 


-INPUT STABLE- 
DC 
ANALOG VALUE 


MULTIPLEXER FUNCTION TABLE 


INPUTS 
SELECTED 


ANALOG 


CHANNEL 


ADDRESS 
ADDRESS 


STROBE 
C 
B 
A 


L 
L 
L 


L 
L 
H 


L 
H 
L 


L 
H 
H 


H 
L 
L 


H 
L 
H 


H 
H 
L 


H 
H 
H 


0 


1 


2 


3 


4 


5 


6 


7 


H 
- 
high Level. L 


OUTPUT 


LATCHES 


1!Z1 2-8 (LS8)' 
12*1 2-7 
H512-6 
J8)_2_5 


1151 2-« 
119' 2-3 
j20l2-2 
U?1L 2-1 IMSBlJ 


(7) 
END OF 
CONVERSION 


x: 


f- 


50%/ 
-1 f-'en 


90%f 


10%> 


-1 K«di> 
)90% 


10% 
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TYPES ADC0808, ADC0809 
CMOS ANALOG-TO-DIGITAL CONVERTERS 
WITH 8-CHANNEL MULTIPLEXERS 


recommended operating conditions 


MIN 
NOM 
MAX 
UNIT 


Supply voltage, Vcc 
4.5 
5 
6 
V 
Positive reference voltage. Vref.,. (see Note 3) 
Vcc vCc+ 0.1 
V 


Negative reference voltage. Vrof _. 
0 
-0.1 
V 
Differential reference voltage. Vrof + - Vle( _ 
5 
V 
Start pulse duration tW(S) 
200 
ns 
Address load control pulse width, tw(ALC) 
200 
ns 
Address setup time, tsu 
50 
ns 
Address hold time, tn 
50 
ns 


Clock frequency. fclock 
10 
640 
1280 
kHz 


NOTE 3: Care must be taken that this rating is observed oven during power-up. 


electrical characteristics over recommended operating free-air temperature range. Vqq = 4.75 V to 5.25 V 
(unless otherwise noted) 


total device 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP1 
MAX 
UNIT 


V|H 
High-level input voltage, control inputs 
Vcc - 
5 V 
Vcc-1-5 
V 


V|L 
Low-level input voltago, control inputs 
Vcc " 5 v 
1.5 
V 


VfJH 
High-level output voltage 
lO = -360,.A 
VCC-0.4 
V 


vol 
Low-level output voltage 
Data outputs 
Iq - 1.6 mA 
0.45 
V 
End of conversion 
Iq • 
1.2 mA 
0.45 


'oz 
Off-state (high-impedanco-state) 


output current 


V0 
- 
5 V 
3 
pA 
v0 = o 
3 


'I 
Control input current at maximum input voltage 
V| = 15 V 
1 
,-A 


l|L 
Low-level control input current 
V| = 0 
-1 
pA 


ice 
Supply Current 
'clock = 640 kHz 
0.3 
3 
mA 


Ci 
Input capacitance, control inputs 
TA = 25 °C 
10 
15 
pF 


Co 
Output capacitance, data outputs 
TA - 25°C 
10 
15 
pF 
Resistance from pin 12 to pin 16 
1 
1000 
kf! 


analog multiplexer 


PARAMETER 
TEST CONDITIONS 
MIN 
TYPI 
MAX 
UNIT 


lon 
Channel on-state current see Note 4) 
V| = 5 V. 
fc,ock = 640 kHz 
2 
;<A 
V| = 0 V. 
fc,ock = 640 kHz 
-2 


l0ff 
Channel off-state current 


VCC = 5 V. 
TA = 25 °C 


V| = 5 V 
10 
200 
nA 
V| = 0 
-10 
-200 


VCC = 5V 
V| = 5 V 
1 
,.A 
V| = 0 
-1 


'Typical values 


NOTE 4: 
Chan 
at Vcc • 5 V and TA - 25°C 


in-state current Is primarily due to the bias current into or out ol the threshold dolector. and it varies dil 
ctly with clock frequency. 
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TYPES ADC0808, ADC0809 
CMOS ANALOG-TO-DIGITAL CONVERTERS 
WITH 8-CHANNEL MULTIPLEXERS 


operating characteristics, Ta = 25°C, Vcc = Vref+ = 5 V, Vref- = 0 V, fc|ock = 640 kHz 
(unless otherwise noted) 


PARAMETER 
TEST CONDITIONS 
ADC0808 
ADC0809 
UNIT 
MIN 
TYPT 
MAX 
MIN 
TYPt 
MAX 


kSVS 
Supply voltage 


sensitivity 
VCC = Vref+ 
= 4.75 V to 5.25 V, 
TA - 
-40°C to 85°C, 
See Note 5 
3:0.05 
±0.05 
%/V 


Linearity error 


(see Note 6) 
±0.25 
±0.5 
LSB 


Zero error (see Note 7) 
±0.25 
±0.25 
LSB 


Total unadjusted 


error (See Note 8) 


TA 
= 25°C 
-0.25 
•0.5 
±0.5 


LSB 
TA = -40°C to 85°C 
• 0 
7 5 
±1.25 


TA 
0"C to 70 °C 
= 1 


'en 
Output enable time 
CL = 50 pF, 
RL = 10 kfl 
80 
250 
80 
250 
ns 


'dis 
Output disable time 
Ci_ = 10 pF. 
RL = 10 kO 
105 
250 
105 
250 
ns 


'conv 
Conversion time 
See Note 10 
90 
100 
116 
90 
100 
116 
^s 


'd(EOC) 


Delay time, 


end of conversion 


output 


See Notes 9 and 10 
0 
14.5 
0 
14.5 
ps 


'Typical values for all except supply voltage sensitivity are-at Vqq = 5 V. and all are at TA25°C 
NOTES: 
5. 
Supply voltage sensitivity relates to the ability of an analog-to-digital converter to maintain accuracy as the supply voltage ve 
and Vre(+ are varied together and the change in accuracy is measured with respect to full-scale. 
6. 
Linearity orror is the maximum deviation from a straight line through the end points ol tho A/D transfor characteristic. 
7. 
Zero error is the differonco between tho output of an ido8l converter and tho actual A/D convenor for zero input voltago. 
8. 
Total unadjusted error is tho maximum sum of linearity error, zero orror. and full-scale error. 
9. 
Forclock frequencies other than 640 kHz. t^(E0C) maximum is 8 clock periods plus 2 ps. 


10. 
Refer to the oporating sequence diagram. 
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TYPES ADC0808. ADC0809 
CMOS ANALOG-TO-DIGITAL CONVERTERS 
WITH 8-CHANNEL MULTIPLEXERS 


The ADC0808 and ADC0809 each consists of an analog signal multiplexer, an 8-bit successive-approximation converter, 


and related control and output circuitry. 


multiplexer 


The analog mutiplexer selects 1 of 8 single-ended input channels as determined by the address decoder. Address 
load control loads the address code into the decoder on a low-to-high transition. 


converter 


The CMOS threshold detector in the successive-approximation conversion system determines each bit by examining 
the charge on a series of binary-weighted capacitors (Figure 1). In the first phase of the conversion process, the analog 
input is sampled by closing switch Sq and all St switches, and by simultaneously charging all the capacitors to the 
input voltage. 


In the next phase of the conversion process, all St and Sq switches are opened and the threshold detector begins 
identifying bits by identifying the charge (voltage) on each capacitor relative to the reference voltage. In the switching 
sequence, all eight capacitors are examined separately until all 8 bits are identified, and then the charge-convert sequence 
is repeated. In the first step of the conversion phase, the threshold detector looks at the first capacitor (weight = 
128). 
Node 128 of this capacitor is switched to the reference voltage, and the equivalent nodes of all the other capacitors 
on the ladder are switched to REF - . If the voltage at the summing node is greater than the trip-point of the threshold 
detector (approximately one-half the Vcc voltage), a bit is placed in the output register, and the 128-weight capacitor 
is switched to REF-. If the voltage at the summing node is less than the trip point of the threshold detector, this 
128-weight capacitor remains connected to REF+ through the remainder of the capacitor-sampling (bit-counting) 
process. The process is repeated for the 64-weight capacitor, the 32-weight capacitor, and so forth down the line, 


until all bits are counted. 


With each step of the capacitor-sampling process, the initialcharge is redistributed among the capacitors. The conversion 
process is successive approximation, but relies on charge redistribution rather than a successive-approximation register 
(and reference D/A) to count and weigh the bits from MSB to LSB. 


L 
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Data Acquisition 


DATA 
ACQUISITION 
CIRCUITS 


TYPES ADC0831, ADC0832, ADC0834, ADC0838 
2-, 4-, 8-CHANNEL AID PERIPHERALS WITH 
SERIAL CONTROL AND MULTIPLEXER OPTIONS 


Easy Interface to Microprocessors or 
Stand-Alone Operation 


Operates Ratiometrically or With 5-V Reference 


No Full Scale or Zero Adjust 


2-. 4-, or 8-Channel Multiplexer Options With 
Address Logic 


Shunt Regulator Allows Operation With High- 
Voltage Supplies 


0-V to 5-V Input Range With Single 5-V Power 
Supply 


Remote Operation With Serial Data Link 


TTL/MOS Input/Output Compatible 


8-, 14-, or 20-Pin DIP Package 


Designed to be Interchangeable with National 
Semiconductor 
ADC0831BC, 
ADC0832BC, 
ADC0834BC, 
and 
ADC0838BC 
Over 
Operating Temperature Range of -40°C to 
85 °C 


description 


The 
ADC0831, 
ADC0832, 
ADC0834, 
and 
ADC0838 are 8-bit successive-approximation 
analog-to-digital converters each with a serial 
input/output and configurable input multiplexers 
with up to 8 channels. The serial input/output 
is configured to interface with standard shift 
registers or microprocessors. 


The 
2-, 
4-, 
or 
8-channel 
multiplexers 
are 
software 
configured 
for 
single-ended 
or 
differential inputs as well as channel assignment. 


The differential analog voltage input allows increasing of the common-mode rejection and offsetting the 
analog zero inputvoltage value. Inaddition,the voltagereference inputcan be adjusted to allowencoding 
any smaller analog voltage span to the full 8 bits of resolution. 


The ADC0831I, ADC0832I, ADC0834I, and ADC0838I are characterized for operation from -40°C to 
85°C. 


D2995. OCTOBER 1983 


P DUAL-IN-LINE PACKAGE 


(TOP VIEW) 


ADC0831 
CSQi U an Vcc 
IN+ £ 7 
7 3 CLK 
IN- £ 3 
6 U do 
GND £ 4 
5 3 REF 


ADC0832 
cs pi O bQvcc(Ref) 
CHOC 2 
CH1 £ 3 
GND £ a 


7 3 CLK 
3 do 
3di 


N DUAL-IN-LINE PACKAGE 


(TOP VIEW) 


ADC0834 
v+g 
CS £ 
CHOC 
CH1 £ 
CH2£ 
CH3 £ 
DGTL GND £ 


TJ 
Dvcc 
]DI 
UCLK 
] SARS 
3 DO 
3 REF 
3ANLG GND 


ADC0838 


1 U2on VCC 
19] V+ 
CHO £ 
CH1 £ 
CH2 £ 
CH3C 
CH4 £ 
CH5 £ 
CH6 £ 
CH7 £ 8 
COM £ 9 
DGTL GND [ 10 


18] CS 
Hoi 
]CLK 
]SARS 
3 DO 
:si 
] REF 
3ANLG GND 
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TYPES ADC0831, ADC0832, ADC0834. ADC0838 
2-, 4-, 8-CHANNEL AID PERIPHERALS WITH 
SERIAL CONTROL AND MULTIPLEXER OPTIONS 


functional block diagram (ADC0838) 
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TYPES ADCQ831, ADC0832, ADC0834, ADCQ838 
2-, 4-, 8-CHANNEL A/D PERIPHERALS WITH 
SERIAL CONTROL AND MULTIPLEXER OPTIONS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc (see Note 1) 
6.5 V 
Logic input voltage range 
-0.3 V to 15 V 
Analog input voltage range 
-0.3 V to Vcc +0-3 v 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2): 
P package 
725 mW 
N package 
800 mW 
Operating free-air temperature range 
-40°C to 85°C 
Storage temperature range 
- 65 °C to 150 °C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 
260°C 


NOTES: 1. All voltago values, except differential voltages, are with respect to the notwork ground terminal 
2, Foroperation above 25°C free-airtemperature, refer to Dissipation DeratingCurves. Section 2. 


recommended operating conditions 


MIN 
NOM 
MAX 
UNIT 


Vqc 
Supply voltage 
4.5 
5 
6.3 
V 


Vm 
High-level input voltage 
2 
15 
V 


V|l 
Low-level input voltage 
0.8 
V 


'w(CSH) Pulse duration. CS high 
120 
ns 


tsu 
Setup timo, CS or SE low, or data valid before clock! 
250 
ns 


tn 
Hold time, data input valid after clock t 
90 
ns 


'clock 
Clock frequency 
10 
400 
kHz 


Clock duty cycle (see Note 3) 
40 
60 
% 


Ta 
Operating free-air temperature 
-40 
85 
°C 


The clock duty cycle i 
range, the minimum p 
lge ensures proper operation at allclock frequencies. Ifa clock frequency Is used outisdotho recommended duty cycle 
se duration (high or lowl is 1 ;is. 
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TYPES ADC0831, ADC0832, ADC0834, ADC0838 
2-, 4-, 8-CHANNEL A/D PERIPHERALS WITH 
SERIAL CONTROL AND MULTIPLEXER OPTIONS 


electrical characteristics over recommended operating free-air temperature range, 
Vcc = V+ =5V(V+ applies to ADC0834 and ADC0838 only), fclock = 250 kHz 
(unless otherwise noted) 


PARAMETER 
TEST CONDITIONS' 
MIN 
TYP: 
MAX 
UNIT 


V0H 
High-level output voltage 
VCc = 4.75 V. 
I0H = -360 pA 
2.4 
V 
VCC • 4.75V. 
I0H = -10,<A 
4.5 


VOL 
Low-level output voltage 
VCc 
" 4.75 V, 
Iql = 1-6 mA 
0.4 
V 


•|H 
High-level input current 
V| • vcc 
0.005 
1 
/•A 
IlL 
Low-level input current 
V| - 0 
-0.005 
-1 
pA 


'OZ 
High-impedance output 


current (DO. SARS) 
V0 • 0.4 V. 
TA = 25 °C 
-0.1 
-3 
pA 
Vo = 5 V, 
TA = 25 °C 
0.1 
3 
'OHS 
Source current 
Vo = 0, 
TA = 25 °C 
-14 
mA 
'OLS 
Sink current 
Vo = VCc. 
TA = 25°C 
16 
mA 


VlCR 
Common-mode input 


range Isee Note 4) 


-0.05 


to 


Vcc* 0.05 


V 


'on 
On-channel leakage current 


(see Note 8) 


On-channel input at 0 V 
-1 
P* 
Off-channel inputs at 5 V, T. 
= 25°C 
-200 
nA 
On-channel input at 0 V 
1 
„A 


Off-channel inputs at 5 V 
200 
nA 


'off 
Off-channel leakage current 


(see Note 8) 


On-channel input at 0 V 
-1 
,.A 
Off-channel inputs at 5 V. TA = 25°C 
-50 
nA 
On-channel input at 0 V 
1 
pA 
Off-channel inputs at 5 V 
50 
nA 
Rref 
Input resistance to reference ladder 
1.9 
2.4 
kfl 


Ci 
Input capacitance (logic inputs! 
TA = 25°C 
5 
PF 
Co 
Output capacitance 
TA = 25°C 
5 
PF 


'cc 
Supply current 


(see Note 5) 


ADC0832§ 
3 
5.2 


mA 
ADC0831. ADC0B34. 


ADC0838 
1 
2.5 


1 + 
Current into V+ (see Note 5) 
10 
mA 


•All parameters are measured under open-loop conditions with zero common-mode input voltage (unless otherwise specifiod). 
1All typical values areat T^ = 25°C. 
^Includes ladder current. 
NOTES: 4. ForIN- more positivethan IN+. tho digitaloutput code willbe 0000 0000. Connected to each analog input are two on-chipdiodes that will 
conduct forward currant foranalog input voltages onediode drop below ground oronediode drop above Vr^r,. Caremust betakenduring testing 
at low Vcc 'eve's (4.5 V| because high-levelanalog input (5 V)can. especially at high temperatures, cause this input diode to conduct and cause 
errors for analog Inputs that are near full-scale. As long as the analog input voltage does not exceed the supply voltage by more than 50 mV. 
the output code willbe correct. Toachieve an absolute 0-Vto 5-Vinput voltagerange requiresa minimum Vqq of 4.950 volts forallvariations 
of temperature and load. 
5. An internal zener diode is connected from the Vqq input to ground and (rom V* to ground. The breakdown voltage of oech diode is approximately 
7 V. The V + diodeis a shunt regulatorand connects to Vr.Q v'° • diode.Whenthe voltage regulatorpowers the converter, this diodeensures 
that the Vqq input is less than the zener breakdown voltage (6.4 VI. A series resistor is recommended to limit the maximum current into the V-t input. 
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operating characteristics over recommended operating free-air temperature range, 
Vcc = V+ =5V(V+ applies to ADC0834 andADC0838 only), fclock = 250 kHz, tr = tf = 20 ns 
(unless otherwise noted) 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


Supply-voltage variation error 
±1/16 
LSB 


Total unadjusted error (see Note 6) 
Vref forced to 5 V 
t 
1 
LSB 


Common-Mode error 
Differential mode 
±1/16 


«pd 


Propagation delay 


time, clock 1 to 


output data (see 


Note 7) 


MSB 


first 
CL = 100 pF, TA = 25°C 


650 
1000 


ns 
LSB 


first 
250 
600 


ldis 
Output disable time from CS ' 
CL = 10 pF, RL = 10 k!!. 


TA = 25°C 
125 
250 
ns 


'conv 
Conversion time 
Not including multiplexer 


addressing time, TA = 25°C 
8 
clock 


period 


NOTES: 6. 
Total unadjusted error includes offset, full scale, linearity, and multiplexer errors. 
7. Ifthe MSB fromthe comparator is used firstin tho successive-approximation loop,then an additional built-in delaywill allowfor comparator 


response time. 
8. 
Leakage current 
od with tho clock not switching. 


PARAMETER MEASUREMENT INFORMATION 


CLK 


.TAIN 
V 
\ 
\J 
Y 
(DO _jt 
\ 
\ 
f 


FIGURE 1-DATA INPUT TIMING 


\4 
M—tpd 
zJcz 


DATA OUT 
(DOI 


FIGURE 2-DATA OUTPUT TIMING 
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SERIAL CONTROL AND MULTIPLEXER OPTIONS 


FIGURE 3-CONVERSION TIMING (ADC0831 


-H 
N-tr 
I 
I 


CS 
50% 
vcc 


GND 


•*PHZ 
90%-|^ 
V°H 


— ^—> GND 


i 
u 


CS 
50% 


'PLZ 
| 
^- 
vcc 


vCc 


DO AND 
SARS OUTPUT 


DO AND 
SARSOUTPUT 
K- 
GND 
FIGURE 4-tPH2 VOLTAGE WAVEFORMS 
FIGURE 5-tpLZ VOLTAGE WAVEFORMS 


1 
2 
3 
4 
5 
6 
7 
9 
10 
11 
™JUUWnJUUUUWJUUU]. 


-♦jK-'su 


CS 


DO ^_TL 
7 
6 
5 
4 
3 
2 
10 
(MSB) 
(LSB)' 


'LSB first output not available on A0C0B31. 


FIGURE 6-ADC0831 TIMING DIAGRAM 
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9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
1 
2 
3 
4 
5 
6 
7 
«JJfUUlrtJlftrtftlinM 
~*\ r*-lsu 
L, 
OUTPUT DATA 
M 
— ~"i 
• 
' 
I 
cs | ADDRESS MUX | 
! 
I 


START 
ODD/ 
BIT 
SIGN 
in ihhii 11ii i milllim nm lllllllnHTimill.lll Illll III11 l.IJLII III HIIIIP3 
DON'T CARE IDI DISABLED UNTIL NEXTCONVERSIONCYCLE)} 
frrrmvr.YWiv«Y<w«yfrnvTr'W^ 
DATA IN (DO 


DATA OUT (DO) 


MSB FIRST DATA 
frj« 
LSB FIRST DATA- 


765432101234567 


(MSB) 
(LSB) 
(MSB) 


FIGURE 7-ADC0832 TIMING DIAGRAM 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 


-* k-tsu 
' 
-OUTPUT DATA- 
~l 
CS 
ADDRESS MUX 


SAR STATUS 
(SARS) 


START 
ODD/ 
I 
BIT 
SIGN 
i_n 
SGL/DIF 


SELECT 
BIT1 J 


IIIIIIIIIIIIIMIIIIIIIIIIIIIIIIIIIIIIIIIIIllllllllllllllllllllllllllllinilllllllMlMIMIIIIIIllll 
DON'TCARE (Dl DISABLED UNTIL NEXT CONVERSION CYCLER 
'" 
•••.I...IHM1IIII1HHI1<11HHIIMIIIIIIIIIIIIIIII 
1111 i 11H111111111111111TIT1111III 


-A/D CONVERSION IN PROCESS 


V| SETTLING 
|4-»»H 
MSB FIRST DATA 
*f« 
LSB FIRST DATA 
• 
TIME 
I 
IirrruTj^rLrLrun 
r^r 
765432101234567 


(MSB) 
(LSB) 
(MSB) 


FIGURE 8-ADC0834 TIMING DIAGRAM 
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TYPES ADC0831, ADC0832, ADC0834, ADC0838 
2-, 4-, 8-CHANNEL A/D PERIPHERALS WITH 
SERIAL CONTROL AND MULTIPLEXER OPTIONS 


TYPICAL CHARACTERISTICS 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 11 
12 13 14 
15 16 17 18 19 20 21 22 
23 24 25 
26 
^-JUUIJUUtJtJIJtJtJtJ^ 
-*| r»-«su 
' 


H 
CS 
I ADDRESS MUX | 


1 
START 
ODD/ SELECT 
BIT 
SIGN 
BITO 


-OUTPUT DATA- 


SGL/ SELECT ' 
DIF 
BIT 1 
| 
A/D CONVERSION 
IN PROCESS 


SAR STATUS (SARS) 


MUX SETTLING 
0-M* 
MSBFIRST DATA 
1\* 
LSB' FIRST DATA 
»J 
• °«°° —Hi5l:::!L-Ljn_riJij_L[njxjTrL 
7 
6 
5432 
101 
2 
341567 
(MSB) 
(LSB) 
tju-*) k- 
(MSB) 
SE- 
USING SE 


TO CONTROL 
LSB FIRST 


OUTPUT 
DO- 


j4 
MSB FIRST DATA 
H*-DATA HELD-M« 
LSB FIRST DATA 
H 
innnn! 
hnnri 
7 
6 
5 
4 
3 
2 
1 L 
0 _ 
(MSB) 
(LSB) 


Make sure clock edge of 18th clock, clocks in tho LSB before SE is taken low. 


FIGURE 9-ADC0838 TIMING DIAGRAM 


_J 1 
2 
3 
4 
5 
6 
7 


UNADJUSTED OFFSET ERROR 


vs 


REFERENCE VOLTAGE 


V 
= 
fu 
1 = 0 V 
Vpc = 2 mV 


III 


\ 
( 


1HA 
v 
\ 
v 
Sv 


0.01 
0.1 
1.0 
5 
Vref—Reference Voltage—V 


FIGURE 10 


1,5 


(MSB) 


LINEARITY ERROR 


vs 
REFERENCE VOLTAGE 


1.25 
- 


vcc = 
fclock 


5 V 


= 250 kH l 
TA = 2 5°C 


• 


V. 


DO 
"\ 
1.0 


uj 
0.75 
2r 


S 
0.5 


0.25 


12 
3 
4 
Vref-Reference Voltage—V 


FIGURE 11 
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TYPICAL CHARACTERISTICS 


0.50 


0.25 


LINEARITY ERROR 


vs 
FREE-AIR TEMPERATURE 


-100 
-50 
0 
50 
100 
150 
TA—Free-AirTemperature— C 


FIGURE 12 


SUPPLY CURRENTt 


vs 
FREE-AIR TEMPERATURE 


-75 -50 
-25 
0 
25 
50 
75 
100 
125 
Ta—Free-Air Temperature— C 


FIGURE 14 


'For ADC0832. the ladder current Iref should be added to Ice- 


3.0 


2.5 


CO 
<" 2.0 


lu 
1.5 


1.0 


0.5 


LINEARITY ERROR 


vs 
CLOCK FREQUENCY 


Vref = 5 V 
VCC = 5 V 


125°C 


i/ 


55°C 
/. 
S~ 25°C 


10 
100 
200 
300 
400 
500 
600 
'clock-Clock Frequency—kHz 


FIGURE 13 


OUTPUT CURRENT 


vs 
FREE-AIR TEMPERATURE 


-100 
-50 
0 
50 
100 
125 
Ta—Free-Air Temperature— C 


FIGURE 15 
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2-, 4-, 8-CHANNEL A/D PERIPHERALS WITH 
SERIAL CONTROL AND MULTIPLEXER OPTIONS 


TYPICAL CHARACTERISTICS 


SUPPLY CURRENT 


vs 
CLOCK FREQUENCY 


1.5 


< 
EI 1.0 


«f 0.5 


vCc = 
TA = 2 
5V 
5°C 


100 
200 
300 
400 
500 
'clock-Clock Frequency—kHz 


FIGURE 16 


TYPICAL APPLICATION INFORMATION 


8 Single-Ended 


0 
+ 


1 
— 
+ 


2 
+ 


3 
* 


5 
♦ 


7 
+ 
J— COM (-) 


4 Differential 
"{= 


♦(-) 


-(+) 
>{= 


+(-> 


-(+) 
•'{= 


+(-) 


-(+) 
'{- 


+(-) 


-(+) 


0 
— 


1 
— 


2 — 


3 — 


4 
— 


5 — 


6 — 


7 
— 


_[_*" 
Vbias -=- 
X 


8 Pseudo-Differential 


COM (-) 


FIGURE 17-ANALOG INPUT MULTIPLEXER OPTIONS FOR THE ADC0838 
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ACD0832 MUX ADDRESSING (5-BIT SHIFT REGISTER) (See Note 9) 


TABLE 1. SINGLE ENDED MUX MODE 


MUX ADDRESS 
CHANNEL NO. 


SGL/DIF 
ODD/SIGN 
0 
1 


1 


1 


0 


1 


+ 


+ 


TABLE 2. DIFFERENTIAL MUX MODE 


MUX ADDRESS 
CHANNEL NO. 


SGL/DIF 
ODD/SIGN 
0 
1 


0 


0 


0 


1 


+ 


+ 


NOTE9: Internally. Select 0 is low. Soloct 1 is high. COMMON is intornally connected to ANLGGND. 


ADC0834 MUX ADDRESSING (5-BIT SHIFT REGISTER) (See Note 10) 


TABLE 3. SINGLE-ENDED MUX MODE 


MUX ADDRESS 
CHANNEL NO. 


SGL/DIF 
ODD/SIGN 
SELECT 1 
0 
12 
3 


1 


1 


1 


1 


0 


0 


1 


I 


0 


1 


0 


1 


+ 


+ 


+ 


+ 


TABLE 4. DIFFERENTIAL MUX MODE 


MUX ADDRESS 
CHANNEL NO. 


SGL/DIF 
ODD/SIGN 
SELECT 1 
0 
12 
3 


0 


0 


0 


0 


0 


0 


1 


1 


0 


1 


0 


1 


l+ 
+i 
l+ 
+l 


NOTE 10: Internally. Select 0 is high. COMMON is internally connected to ANLG GND. 


ADC0838 MUX ADDRESSING (5-BIT SHIFT REGISTER) 


TABLE 5. SINGLE-ENDED MUX MODE 


MUX ADDRESS 
ANALOG SINGLE-ENDED CHANNEL NO. 


SGL/DJF 
ODD/SIGN 
SELECT 
0 
12 
3 
4 
5 
6 
7 
COM 
1 
0 


0 
0 
0 
+ 
— 


0 
0 
1 
+ 


0 
1 
0 
+ 


0 


1 


1 


1 


1 


1 
1 


0 
0 


0 
1 


1 
0 


1 
1 


+ 


+ 
- 


+ 


+ 
- 


+ 
- 
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TYPES ADC0831, ADC0832, ADC0834, ADC0838 
2-, 4-, 8-CHANNEL A/D PERIPHERALS WITH 
SERIAL CONTROL AND MULTIPLEXER OPTIONS 


TABLE 6. DIFFERENTIAL MUX MODE 


MUX ADDRESS 
ANALOG DIFFERENTIAL CHANNEL-PAIR NO. 


SGUDlF 
ODD/SIGN 
SELECT 
0 
1 
2 
3 


1 
0 
0 
1 
2 
3 
4 
5 
6 
7 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


1 


1 


1 


1 


0 
0 


0 
1 


1 
0 


1 
1 


0 
0 


0 
1 


1 
0 


1 
1 


+ 
- 


— 
+ 


+ 
— 


- 
+ 


+ 
" 


+ 


PRINCIPLES OF OPERATION 


The ADC0831, ADC0832, ADC0834, and ADC0838 use a sample data comparator structure that converts 
differential analoginputsbya successive-approximation routine. Theinputvoltageto be convertedisapplied 
to a channel terminal and is compared to ground (single-ended), to an adjacent channel (differential), or 
to a common terminal (pseudo-differential) that can be an arbitraryvoltage. The input terminals are assigned 
a positive (+) or negative (-) polarity. If the signal input applied to the assigned positive terminal is less 
than the signal on the negative terminal, the converter output is all zeroes. 


Channel selection and input configuration are under software control using a serial data link from the 
controlling processor. A serial communication format allows more functions to be included in a converter 
package with no increase in size. In addition, it eliminates the transmission of low-level analog signals 
by locating the converter at the analog sensor. This process returns noise-free digitaldata to the processor. 


A particular input configuration is assigned duringthe multiplexer addressing sequence. The multiplexer 
address is shifted into the converter through the data input (Dl) line. The ADC0831 contains only one 
differential input channel having a fixed polarity assignment and not requiringaddressing. The multiplexer 
address selects the analog inputs to be enabled and determines whether the input is single-ended or 
differential. When the input is differential, the polarity of the channel inputis assigned. Differential inputs 
are assigned to adjacent channel pairs. For example, channel 0 and channel 1 may be selected as a 
differential pair. Thesechannelscan not act differentially withany other channel. In addition to selecting 
the differential mode,the polarity mayalsobe selected. Either channelofthe channelpairmay be designated 
as negative or positive. 


The commoninputon the ADC0838can be used for a pseudo-differential input. Inthis mode, the voltage 
on the input is negative to any other channel. This voltage can be any reference potential common to all 
channel inputs. This feature is useful in single-supply applications where all analog circuits are biased to 
a potential other than ground. 


Operationof the ADC0831, ADC0832, ADC0834, and ADC0838issimilarwith the exception of multiplexer 
addressing. The ADC0838 has all the features of the other converts and is used for the functional block 
diagram. 


A conversion is initiated by setting the chip select (CS) input low. This enables all logic circuits. The CS 
input must be held low for the complete conversion process. A clock input is received from the processor. 
On each low-to-high transition of the clock input, the data on the Dl input is clocked into the multiplexer 
address shift register. The first logic high on the input is the start bit. A 2- to 4-bit assignment word follows 
the start bit. On each successive low-to-high transition of the clock input, the start bit and assignment 
word are shifted through the shift register. When the start bit has been shifted into the start location of 
the multiplexer register, the input channel has been selected and conversion starts. The SAR status output 
(SARS)goes high to indicate that a conversion is in progress and the Dlinput to the multiplexer shift register 
is disabled for the duration of the conversion. 
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Aninterval of one clockperiod is automatically inserted to allow forthe selected multiplexer channel to 
settle. The data output DO comes out of the high-impedance state and provides a leading low for this 
oneclock period ofmultiplexer settling time. The SAR comparator compares successive outputs from the 
resistive ladder withthe incoming analog signal. Thecomparator outputindicates whetherthe analog input 
isgreater than orless than resistive ladder output. This data isparallel loaded into a 9-bit shift register 
which immediately outputs an 8-bitserial data word.Thisoutput issent to the DO output withthe most- 
significant bit (MSB) first._After eight clock periods the conversion is complete and the SAR status (SARS) 
output goeslow. When CS goes high, all internal registers arecleared. At this time the output circuits 
go tothree-state. If another conversion isdesired, the CS line must make ahigh-to-low transition followed 
by address information. 
In the ADC0831, only the MSB data is output first. The ADC0832 and ADC0834 outputthe LSB data 
first afterthe MSB first datastreamisoutput. In theADC0838,_the programmer hasthe option ofselecting 
MSB first or LSB first. Tooutput LSB first, the shiftenable (SE) control input must go low. Data stored 
in the 9-bit shift register isnow output with LSB first. The ADC0831 data isonly output in MSB-first format. 


The Dl and DO pins can be tied together andcontrolled bya bi-directional processor I/O bitreceived on 
a single wire. This is possible because the Dl input isonly examined during the multiplexer addressing 
interval and the DO output is still in a high-impedance state. 
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Data Acquisition 


DATA 
ACQUISITION 
CIRCUITS 


* 
Functionally Interchangeble with Siliconix 
DG182, DG185, DG188, and DG191 with 
Same Terminal Assignments 


Monolithic Construction 


Adjustable Reference Voltage 


• 
JFET Inputs 


description 


The TL182, 
TL185, TL188, and TL191 
are 
monolithic high-speed analog switches using BI- 
MOS 
technology. They comprise JFET-input 
buffers, 
level translators, 
and 
output 
JFET 
switches. The TL182 switches are SPST; the 
TL185 switches are SPDT. The TL188 is a pair 
of complementary SPST switches as is each half 
of the TL191. 


A high level at a control input of the TL182 turns 
the associated switch off. A high level at 
a 
control input of the TL185 turns the associated 
switch on. For the TL188, a high level at the 
control input turns the associated switches S1 
on and S2 off. 


The threshold of the input buffer is determined 
by the voltage applied to the reference input 
(Vref). 
The 
input 
threshold 
is 
related 
to 
the 
reference 
input 
by 
the 
equation 
Vth = Vref + 1.4 V. Thus, for TTL compati 
bility, the Vref input is connected to ground. The 
JFET input makes the device compatible with 
bipolar, 
MOS 
and 
CMOS 
logic 
families. 
Threshold 
compatibility 
may, 
again, 
be 
determined by Vth = Vref +1-4V. 


The output switches are junction field-effect 
transistors featuring low on-state resistance and 
high 
off-state 
resistance. 
The 
monolithic 
structure ensures uniform matching. 


BI-MOS technology is a major breakthrough in 
linear integrated circuit processing. BI-MOS can 
have ion-implanted JFETs, p-channel MOS-FETs, 
plus the usual bipolar components all on the 
same chip. BI-MOS allows circuit designs that 
previously have been available only as expensive 
hybrids to be monolithic. 


Devices with an "M" suffix are characterized for 
operation over the full military temperature range 
of -55°C to 125°C, those with an "I" suffix 
are characterized for operation from - 25 °C to 
85 °C, 
and 
those 
with 
a 
"C" 
suffix 
are 
characterized for operation from 0°C to 70°C. 


TYPES TL182, TL185, TL188, TL191 
BI-MOS SWITCHES 


D2234, JUNE 1976-REVISED OCTOBER 1983 


Uniform On-State Resistance for Minimum 
Signal Distortion 


±10-V Analog Voltage Range 


TTL, MOS, and CMOS Logic Control 
Compatibility 


TL182 


J OR N DUAL-IN-LINE PACKAGE 


(TOP VIEWI 
1Spl C7l4h 2S 
ID C 2 
NCC3 
NC[> 
1Afj5 
VccCe 
vllC? 


3 2D 
3 NC 
3 NC 
I]2A 
]VEE 
3 Vref 


TL185 


J OR N DUAL-IN-LINE PACKAGE 


(TOP VIEWI 
idi CfTC'Tir] 1S1 
NCC2 
15 3 1A 
1D2Q3 
1S2C-1 
2S1 C5 
2D1 Qe 
NCC7 
2D2C8 


m 3 vee 
13 3 Vref 
12 3 VLL 
11 3 vcc 
103 2A 
_9 3 2S2 


TL188 


J OR N DUAL-IN-LINE PACKAGE 


(TOP VIEW) 
ncQi ^-,"»n NC 
NC £ 2 
13] NC 
D1 C3 
S1 £a 
A £ 5 
VccCe 
VllC? 


123 D2 
ii 3 S2 
io 2 NC 
9D vee 
8 ] vref 


TL191 


J OR N DUAL-IN-LINE PACKAGE 


(TOP VIEWI 


1D1 £ i U,6 3 1S1 
NC £ 2 
15 IHA 
1D2 £ 3 
14 J vee 
1S2 £ 4 
13 J vref 
2S2 £ 5 
12 ] V| | 
2D2 £ 6 
11 J vCc 
NC £ 
7 
10 J2A 
2D1 £ 8 
9 ] 2S1 


NC-No intornnl connect" 
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TYPES TL182. TL185 
BI-MOS SWITCHES 


schematic (each channel) 


Vll 
vcc 


schematic (each channel) 


vll 
vcc 


7-38 


TL182 TWIN SPST SWITCH 


TOOTHER HALF 


TL185 TWIN DPST SWITCH 


TO OTHER HALF 


\J. 
t^m 


A- » >. 


TOOTHER HALF 
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(5) 


(1) "^ 


(2) 


1101 


114) -^ 


(13) 


FUNCTION TABLE 


(EACH HALF) 


INPUT 


A 


SWITCH 


s 


L 


H 


ON (CLOSED) 


OFF(OPEN) 


(15) 


(16) 


(4) ^: 


(101 


(5) 
_^-_ 


(9) 
-^- 


(3) 


(61 


FUNCTION TABLE 


(EACH HALF) 


INPUT 


A 


SWITCHES 


SW1 AND SW2 


L 


H 


OFF(OPEN) 


ON (CLOSED) 


TYPES TL188, TL191 
BI-MOS SWITCHES 


TL188 DUAL COMPLEMENTARY SPST SWITCH 


schematic 


vLl 
vcc 


a—4 


(5) 


(4) 


(11) 


FUNCTION TABLE 


(3) 


(12) 


INPUT 


A 


SWITCHES 


SW1 
SW2 


L 


H 


OFF (OPEN) 
ON (CLOSED) 


ON (CLOSED) 
OFF (OPEN) 


TL191 TWIN DUAL COMPLEMENTARY SPST SWITCH 


schematic (each channel) 


vll 
vcc 


vee 


TOOTHER HALF 


Vref 


(15) 


(16) 


(4) 


19) 


(5) 


FUNCTION TABLE 


(6) 


INPUT 


A 


SWITCHES 


SW1 
SW2 


L 


H 


OFF (OPEN) 
ON (CLOSED) 


ON (CLOSED) 
OFF (OPEN) 
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'3 
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TYPES TL182, TL185, TL188, TL191 
BI-MOS SWITCHES 


functional block diagram 


DORD1 
D2 
I 
HIH> -Y-l 


i 


SORS1 
S2 


See the preceding two pages for operation ol the switches. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Positive supply to negative supply voltage, Vcc — Vee 
36 V 
Positive supply voltage to either drain, Vcc — Vq 
33 V 


Drain to negative supply voltage, Vq - 
Vee 
33 V 
Drain to source voltage, Vq 
- 
Vs 
± 22 V 
Logic supply to negative supply voltage, V|_|_ - 
Vee 
36 V 
Logic supply to logic input voltage, Vn - 
V\ 
33 V 
Logic supply to reference voltage, V|_L _ Vref 
33 V 
Logic input to reference voltage, V| - 
Vref 
33 V 
Reference to negative supply voltage, Vref - 
Vee 
27 V 
Reference to logic input voltage, Vref - 
V| 
2 V 
Current (any terminal) 
30 mA 
Continuous dissipation at (or below) 25°C free-air temperature (see Note 1): 
TL182MJ, TL185MJ, TL188MJ, TL191MJ 
1375 mW 
TL182IJ, TL182CJ, TL185IJ, TL185CJ, TL188IJ, TL188CJ, TL191IJ, TL191CJ 
1025 mW 
N package 
875 mW 
Operating free-air temperature range: TL182M, TL185M, TL188M, TL191M 
-55°C to 125°C 
— 
TL182I, TL185I, TL188I, TL191I 
-25°Cto85°C 
qj 
TL182C, TL185C, TL188C, TL191C 
0°C to 70°C 
f"* 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package 
300 °C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N package 
260 °C 
> 
Q 
NOTE 1: 
Foroperation above 25 °C free-air temperature, see Dissipation Derating Curves. Section 2. In the J package. "M" suffix chips aroalloy mounted. 
O 
"I" and "C" suffix chips aro glass mounted. 
c# 
to' 
r+" 
5' 
3 
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electrical characteristics, Vcc = 15 V, Vee = - 15 V, Vll = 5 V, Vref = 0 V (unless otherwise noted) 


PARAMETER 
TEST CONDITIONS 
TL1_M 
TL1_I 
TL1_C 
UNIT 
MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


High-lovol control 
VIH 
, 
. 
„ 
input voltago 
TA - MINTO MAX 
V,0f + 2 
Vref + 2 
V,ef-2 
V 


Low-level control 
VIL 
input voltage 
TA = MIN to MAX 
Vrel + 0.8 
Vref + 0.8 
Vref + 0.8 
V 


High-level control 
•|H 
input current 
V| = 5 V 
TA . 
25°C 
10 
10 
20 
pA 
TA = MAX 
20 
20 
20 


Low-level control 
'lL 
input current 
V| = 0 
TA • MIN to MAX 
-250 
-250 
-250 
pA 


'D(off) 
Off-state drain current 
VD - 
10 V. 
Vs 
= -10 V. 


V,H - 2 V. 
V|L - 0.8 V 


TA - 25°C 
5 
5 
nA 
TA - MAX 
100 
100 
100 


'S(off) 
Off-state source current 
VD - -10 V. 
VS - 10 V. 


V|H - 2 V. 
V|L • 0.8 V 


TA 
25°C 
5 
5 
nA 
TA • 
MAX 
100 
100 
100 


On-state channel 
lD(on'4,Slonl leakage current 


VD = -10 V. 
VS = -10 V. 


V,H = 2 V. 
V|L = 0.8 V 


TA = 25 °C 
-10 
-10 
nA 
TA = MAX 
-200 
-200 
-200 


Drain-to-source 
'DSlonl 
"0""" 
on-state resistance 


VD - -10 V. 
IS = 1 mA. 


V|H = 2 V. 
V|L = 0.8 V 


TL182, 


TL188 


TA • MIN to 25°C 
75 
100 
100 


11 
TA = MAX 
100 
150 
150 


TL185. 
in in 


TA = MIN to 25°C 
125 
150 
150 


TA - 
MAX 
250 
300 
300 


Iqq 
Supply current from Vrr, 


Both control inputs at 0 V 
TA = 25°C 


1.5 
1.5 
1.5 


mA 
Igg 
Supply current from V^g 
-5 
-B 
-5 


l[_L 
Supply current from V^l 
4.5 
4.5 
4.5 


lref 
Reference current 
2 
-2 
-2 


ICC 
Supply current from Vcc 


Both control inputs at 5 V 
TA - 25°C 


15 
1.5 
1.5 


mA 
l££ 
Supply current from Vgg 
-5 
-5 
-5 


I(_l 
Supply current from Vll 
4.5 
4.5 
4.5 


lref 
Reference current 
-2 
-2 
-2 


switching characteristics, Vcc = 10 V, Vee = -20 V, Vll = 5 V, Vref = 0 V, Ta = 25 °C 


PARAMETER 
TEST CONDITIONS 
TL1_M 
TL1_I 
TL1 
C 
UNIT 
TYP 
TYP 
TYP 


ton 
Turn-on time 
RL = 300 Ii, 
Cj_ = 30 pF. 
Figure 1 
175 
175 
175 
ns 
'off 
Turn-off time 
350 
350 
350 


Data Acquisition 


•< 
-a 


C/3 


2» 


CO co 


:r -» 
m 
co 


D 
0) 
r* 
03 


> 
O 
nc, 
<a' 


TYPES TL182, TL185, TL188, TL191 
BI-MOS SWITCHES 


PARAMETER MEASUREMENT INFORMATION 


vLL- 5 v 
vcc• 
is v 


VrefO 
VEE--15V 


C\_ includes probe and jig capacitance. 


Vs - 3 V for ton and -3 V for t0ff. 


v0-vs 
«L + rDS(on) 


TESTCIRCUIT 


CL = 30pF 


tf < 10 ns 
tr < 10 ns 
-y= 
iff* 
3v 


INPUT A-*- 
-¥- 
—/l v—r—#--' •X 
ov 
Jonj* 
»l 
0.9VQ-JC 
f 
V°l 
A 
r1—*r-,off 
OUTPUT 
/ 
' 
i 
/ 
4rf 
0V 


vo 
/ 
3 V 


NOTE: 
A. The solid waveform applies for TL185 and SW1 of TL185and TL191; the dashed waveform applies for TL182 and SW2 of TL185 and TL191. 
B. Vq is tho stoody-stato outpul with the switch on. Feed through via the gato capacitance may result in spikes (not shown) at the leading and 
trailing edges of the output waveform. 


FIGURE 1-VOLTAGE WAVEFORMS 
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DATA 
ACQUISITION 
CIRCUITS 


TYPES TL500C THRU TL503C 
ANALOG-TO-DIGITAL-CONVERTER BUILDING BLOCKS 


D2477, DECEMBER 1979-REVISED OCTOBER 1983 


ifc^ 


TL500C/TL501C 
ANALOG PROCESSORS 


• 
True Differential Inputs 
• 
Automatic Zero 
• 
Automatic Polarity 
• 
High Input Impedance . . . 109 Ohms Typically 


TL500C CAPABILITIES 


Resolution ... 14 Bits (with TL502C) 
Linearity Error . . . 0.001% 
4 1/2-Digit Readout Accuracy with 
External Precision Reference 


TL502C/TL503C 
DIGITAL PROCESSORS 


Fast Display Scan Rates 
Internal Oscillator May Be Driven 
or Free-Running 
Interdigit Blanking 
Over-Range Blanking 
Display Test 
4 1/2-Digit Display Circuitry 
High-Sink-Current Digit Driver for 
Large Displays 


TL501C CAPABILITIES 


Resolution . . . 10-13 Bits (with TL502C) 
Linearity Error. . . 0.01% 
3 1/2-Digit Readout Accuracy 


TL502C CAPABILITIES 


Compatible with Popular Seven-Segment 
Common-Anode Displays 
High-Sink-Current Segment Driver For 
Large Displays 


TL503C CAPABILITIES 


Multiplexed BCD Outputs 
High-Sink-Current BCD Outputs 


Caution. These devices have limited built-in gate protection. The leads should be shorted together or the device 
placed in conductive foam during storage or handling to prevent electrostatic damage to the MOS gates. 


The TL500C and TL501C analog processors and TL502C and TL503C digital processors provide the basic functions for 
a dual-slope-integrating analog-to-digital converter. 


The TL500C and TL501C contain the necessary analog switches and decoding circuits, reference voltage generator, 
buffer, integrator, and comparator. Thesedevices may be controlled by the TL502C, TL503C, by discrete logic,or by a 
software routine in a microprocessor. 


The TL502C and TL503C each includes oscillator, counter, control logic, and digit enable circuits. The TL502C 
provides multiplexed outputs for seven-segment displays, while the TL503C has multiplexed BCD outputs. 


When used in complementary fashion, these devices form a system that features automatic zero-offset compensation, 
true differential inputs, high input impedance, and capability for 4 1/2-dig.it accuracy. Applications include the 
conversion of analog data from high-impedance sensors of pressure, temperature, light, moisture, and position. 
Analog-to-digital-logic conversion provides display and control signals for weight scales, industrial controllers, 
thermometers, light-level indicators, and many other applications. 


C 
.2 
[to 
3 
CT 
O 
< 


CO 
+•• 
to 
a 
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TYPES TL500C THRU TL503C 
ANALOG-TO-DIGITAL-CONVERTER BUILDING BLOCKS 


principles of operation 


The basic principle of dual-slope-integrating converters is relatively simple. A capacitor, Cx, is charged through the 
integrator from Vqt ,or a fixed period of time at a rate determined by the value of the unknown voltage input. Then 
the capacitor is discharged at a fixed rate (determined by the reference voltage) back to VrjT where the discharge time 
is measured precisely. The relationship of the charge and discharge values are shown below (see Figure 1). 


(1) 


(2) 


VCX = Vct ~ 
V,t, 


Rxcx 
Charge 


VCT = VCX - 
Vref 12 


Rxcx 
Discharge 


Combining equations 1 and 2 results in: 


V| 
t2 


Vref 
t1 


where: 


(3) 


Vqj =Comparator (offset) threshold voltage 


Vex = Voltage change across Cx during ti and during t2 (equal in magnitude) 


V| = Average value of input voltage during ti 


ti = Time period over which unknown voltage is integrated 


t2 = Unknown time period over which a known reference voltage is integrated. 


Equation (3) illustrates the major advantages of a dual-slop converter: 
a. Accuracy is not dependent on absolute values of ti and t2, but is dependent on their ratios. Long-term clock 
frequency variations will not affect the accuracy. 
b. Offset values, VrjT. are not important. 


The BCD counter in the digital processor (see Figure 2) and the control logicdivide each measurement cycle into three 
qj 
phases. The BCD counter changes ata rate equal toone-half the oscillator frequency. 


r* 
D) 
auto-zero phase 
>O 
The cycle begins at theendof the integrate-reference phase when the digital processor applies low levels to inputs A 
.Q 
and B of the analog processor. If the trigger input is at a high level, a free-running condition exists and continuous 
conversions are made. However, if the trigger input is low, the digital processor stops the counter at 20,000, entering a 
hold mode. In this mode, the processor samples the trigger input every 4000 oscillator pulses until a high level is detected. 
When this occurs, the counter is started again and is carried to completion at 30,000. The reference voltage is stored on 
reference capacitor Cref, comparator offset voltageisstored on integrationcapacitor Cx. and the sum of the buffer and 
integrator offset voltages is stored on zero capacitor Cz. During the auto-zero phase, the comparator output is 
characterized by an oscillation (limit cycle) of indeterminatewaveform and frequency that isfiltered and d-cshifted by 


the level shifter. 


integrate-input phase 


The auto-zero phase is completed at a BCD count of 30.000, and high levels are applied to both control inputs to 
initiate the integrate-input phase.The integrator chargesCx for afixed time of 10,000 BCD counts at a rate determined 
by the input voltage. Note that during this phase, the analoginputs see only the high impedance of the noninverting 
operational amplifierinput. Therefore, the integratorrespondsonlyto the differencebetweenthe analoginput terminals, 
thus providing true differential inputs. 
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TYPES TL500C THRU TL503C 
ANALOG-TO-DIGITAL-CONVERTER BUILDING BLOCKS 


integrate-reference phase 


At a BCD count of 39,999 + 1 = 40,000 or 0, the integrate-input phase is terminated and the integrate-reference phase 
is begun by sampling the comparator output. If the comparator output is low corresponding to a negative average 
analog input voltage, the digital processor applies a low and a high to inputs A and B, respectively, to apply the 
reference voltage stored on Cref to the buffer. If the comparator output is high corresponding to a positive input, 
inputs A and B are made high and low, respectively, and the negative of the stored reference voltage is applied to the 
buffer. In either case, the processor automatically selects the proper logic state to cause the integrator to ramp back 
toward zero at a rate proportional to the reference voltage. The time required to return to zero is measured by the 
counter in the digital processor. The phase is terminated when the integrator output crosses zero and the counter 
contents are transferred to the register, or when the BCD counter reaches 20,000 and the over-range indication is 
activated. When activated, the over-range indication blands all but the most significant digit and sign. 


Seventeen parallel bits (4-1/2 digits) of information are strobed into the buffer register at the end of the integration 
phase. Information for each digit is multiplexed out to the BCD outputs (TL503C) or the seven-segment drivers 
(TL502C) at a rate equal to the oscillator frequency divided by 400. 


BCD COUNTER VALUES 


20.000 
30.000 


'AUTO ZERO | INTEGRATE 
INPUT 


INTEGRATOR 
OUTPUT 


COMPARATOR 


20.000 
30.000 


"This stop is tho voltago at pin 2 with respect to analog ground. 


FIGURE 1-VOLTAGE WAVEFORMS AND TIMING DIAGRAM 


INTEGRATE 
REFERENCE 


20.000 


V(pin2 
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uopisinbov bibq 


CX 


C 
I INTEGRATOR 
OUTPUT 


1COMPARATOR 
I 
| 
COMPARATOR 
| 
lOUTPUT 
INPUT I 


I 


CONTROL A 
.INPUT 
OUTPUT 


DIGITAL PROCESSOR 
TL502OR TL503 
-o- 


T- 
OSCILLATOR 
DIVIDE 
> 
BY 


2 


BCD 
'counter 


1 
1 
1 


1 


17 


SIGN 
BIT 


CONTROL 
LOGIC 


8UFFER 
REGISTER 


17 
' 


MULTIPLEXER 


VCC« 


.TRIGGER 
INPUT 
ISoe Noto Bl 


ii 
L» 


BCD 
DRIVERS 
OUTPUTS 
L503CONLYI 


I 
to 


DIGIT-ENABLE 
DRIVERS 


BCDTOSEVEN 
SEGMENT 
DECODER 
AND DRIVERS 
rV 
~~~ 
VOLTAGE 
1 
• 
AND DRIVERS 
i 
C^IT±±_n-J 
LX.Q. 
J 
T ^S'«,L?S 
DIGITAL 
DIGIT ENABLE 
COMMON 
W\ 
' GROUND 
COMMON 
OUTPUTS 
DIGIT ENABLE 
OUTPUTS 
|D1 THRUD5I 
COMMON 


NOTES: A. Pin 18 ol the TL502 provides an output ol l05C (oscillator frequency) 
- 20.000. 
B. The triggor input assumes a high level if not externally connected 


FIGURE 2- BLOCK DIAGRAM OF BASIC ANALOG-TO-DIGITAL CONVERTER 


USING TL500C OR TL501C AND TL502C OR TL503C 


MODE 
ANALOG 


INPUT 
COMPARATOR 
CONTROLS 


A AND B 


ANALOG SWITCHES 


CLOSED 


Auto Zero 
X 
Oscillation 
L 
L 
S3.S4,S7.S9,S10 
Hold' 


Integrate 


Input 


Positive 
H 
H 
H 
S1.S2 
Negative 
L 


Integrate 


Reference 
X 
H = 
H 
L 
S3. S6, S7 


L! 
L 
H 
S3. S5, S8 


H 
High, 
L 
Low, X o Irrelevant 


' If the triggerinput is low at the beginning ol tho auto-joro cycle, the system willenter the hold mode. A high level lor opon circuit) 


processor to continue or resume normal operation. 
'This is tho stoto of tho comparator output ns dotcrminodby the polarityof tho analog Input during tho intograto input phase. 


iignal tho digital 


SEVENSEGMENT 
OUTPUTS 
(TL502CONLY) 


> -j 


f— m 
ow 
<P-4 
P 


r— 30 


m 
o 
33 CO 
-4 O 


CO 
(= 


CD 


O 


description of analog processors 


The TL500C and TL501C 
analog 
processors are 
designed to automatically 
compensate for internal 
zero offsets, integrate a differential voltage at the 
analog inputs, 
integrate a voltage at the reference 
input 
in 
the 
opposite 
direction, 
and 
provide an 
indication of zero-voltage crossing. The external con 
trol mechanism may be a microcomputer and soft 
ware routine, discrete logic, or a TL502C or TL503C 
controller. The TL500C and TL501C are designed 
primarily for simple, cost-effective, dual-slope analog- 
to-digital 
converters. 
Both 
devices 
feature 
true 
differential 
analog 
inputs, 
high 
input 
impedance, 
and an internal reference-voltage source. The TL500C 
provides 4-1/2-digit readout accuracy when used with 
a precision external reference voltage. The TL501C 
provides 
100-ppm 
linearity 
error 
and 
3-1/2-digit 
accuracy capability. These devices are manufactured 
using Tl's advanced technology to produce JFET, 
MOSFET, and bipolar devices on the same chip. The 
TL500C and TL501C are intended for operation over 
the temperature range of 0°C to 70° C. 


schematics of inputs and outputs 


CONTROL A AND CONTROL B INPUTS 


200 u A 
100 n A 


INPUT 
I^k 


0 
ir 
: 
[ 


\ 7 


TYPES TL500C, TL501C 
ANALOG PROCESSORS 


N DUAL-IN-LINE PACKAGE 


(TOP VIEW) 
ANALOG INPUT 1Ql KJ>8Q 
ANALOG INPUT 2 £ 2 
REF OUTPUT £ 3 
REF INPUT £ A 
ANALOG GND £ 5 
Cref+ O 
Cref- C? 
CONTROL BINPUT £ 8 
CONTROL A INPUT £ 9 


>cz 


3 vcc 
3 BUFFER OUTPUT 
3 INTEGRATOR INPUT 
2 INTEGRATOR OUTPUT 
Dvcc- 
2 DIGITAL COMMON 
102 COMPARATOR OUTPUT 


COMPARATOR OUTPUT 


-^ 
V 


-O 


DIGITAL 
COMMON 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Positive supply voltage, Vcc + <see Note 1> 
+18V 
Negative supply voltage, Vcc - 
-18V 
Input voltage, V| 
* VCC 
Comparatoroutput voltage range (see Note 2) 
0 V to Vcc + 
Comparator output sink current (see Note 2) 
20 mA 
Buffer, reference, or integrator output source current (see Note 2) 
10 mA 
Total dissipation at (or below) 25°C free-air temperature (see Note 3) 
875 mW 
Operatingfree-airtemperature range 
-0°C to 70°C 
Storage temperature range 
-65°C to 125 C 


NOTES: 1. Voltage values, except differential voltagos. are with respect to the analog ground common pin tied together. 
2. Buffer, integrator, and comparator outputs are not short-circuit protected. 
3. Foroperation above 25°C free-air temperature, referto Dissipation Derating Curves. Section2. 
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TYPES TL500C, TL501C 
ANALOG PROCESSORS 


recommended operating conditions 


MIN 
NOM 
MAX 
UNIT 


Positive supply voltage, Vcc + 
7 
12 
15 
v 
-9 
-12 
-15 
V 


Reference input voltage, Vrof(|) 
0.1 
5 
V 


Analog input voltage, V| 
= 5 
V 


Differential analog input voltage, V|q 
10 
V 


High-level input voltage, Vm 
Control inputs 
2 
V 


Low-level input voltage. V|L 
Control inputs 
0.8 
V 


Peak positive integrator output voltage, Vqm - 
+ 9 
V 


Peak negative integrator output voltage. VgM- 
-5 
V 


Full scale input voltage 
2Vref 


Autozero and reference capacitors, Cz and Cfef 
0.2 
fJr 


Integrator capacitor, Cx 
0.2 
pF 


Integrator resistor, Rx 
15 
100 
k!J 


Integrator time constant. RxcX 
See 


Note 4 


Free-air operating temperature, TA 
0 
70 
°c 


Maximum conversion rate with TL502 or TL503 
3 
12.5 
conv/sec 


system electrical characteristics at V*CC = ±12 V, Vref = 1,000 ± 0.03 mV, Ta = 25 °C 
(unless otherwise noted) (see Figure 3) 


PARAMETER 
TEST CONDITIONS 
TL501C 
TL500C 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Zero error 
50 
300 
10 
30 
,;V 


Linearity error relative to full scale 
V| = -2 V to 2 V 
0.005 
0.05 
0.001 
0.005 
%FS 


Full scale temperature coefficient 
TA 
= 0°C to 70°C 
6 
6 
ppm 
"C 


Temperature coefficient of zero error 
TA - 0°C to 70°C 
4 
I 
pVI°C 


Rollover error' 
200 
500 
30 
100 
«v 


Equivalent peak-to-peak input noise voltage 
20 
20 
*v 


Analog input resistance 
Pin 1 or 2 
109 
109 
n 


Common-mode rejection ratio 
V|C = -1 Vto +1 V 
86 
90 
dB 


Curront into analog input 
V| = i5V 
50 
50 
pA 


Supply voltage rejection ratio 
90 
90 
dB 


' Rollover error is the voltage difference between the conversion results of the full-scale positive 2 volts and the full-scalenegative 2 volts. 


NOTE 4. The minimum integrator time constant may be found by use of the following formula: 


Minimum RxCx 
V|D (full scale) i] 
|V0M-|-V|(pin2) 


Vjo = voltage at pin with respect to pin 2 


V|(pln 21 = voltage at pin 2 with respect to analog ground 


t] 
- input integration time seconds 
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TYPES TL500C, TL501C 
ANALOG PROCESSORS 


electrical characteristics at VqC = ±12 V, Vref = 1 V, Ta = 25°C (see Figure 3) 


integrator and buffer operational amplifiers 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


V|Q 
Input offset voltage 
15 
mV 


11b 
Input bias current 
50 
PA 


VOM+ 
Positive output voltage swing 
9 
11 
V 


VOM— 
Negative output voltage swing 
-5 
-7 
V 


A\/D 
Voltage amplification 
110 
dB 


Bi 
Unity-gain bandwidth 
3 
MHZ 


CMRR 
Common mode rejection 
Vie - -1 Vto+1 V 
100 
dB 


SR 
Output slew rate 
5 
Vlpi 


compc rator 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


V|Q 
Input offset voltage 
15 
mV 


l|B 
Input bias current 
50 
PA 


A\/D 
Voltage amplification 
100 
dB 
Vql 
Low-level output voltage 
IOL = 1.6 mA 
200 
400 
mV 


'OH 
High-level output current 
V0H = 3 V 
5 
20 
nA 


voltag a reference output 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Vref(rj) 
Reference voltage 
1.12 
1.22 
1.32 
V 


Reference-voltage temperature 
"Vref 
coefficient 
TA-0°Cto70°C 
80 
ppm/°C 


r0 
Reference output resistance 
3 
n 


logic control section 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


11h 
High-level input current 
V|H = 2V 
1 
10 
pA 


l|l_ 
Low-level input current 
V|L = 0.8V 
-40 
-300 
pA 


totalc evice 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


. 
'CC+ 
Positive supply current 
15 
20 
mA 


'CC— 
Negative supply current 
12 
18 
mA 
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TYPES TL500C, TL501C 
ANALOG PROCESSORS 


parameter measurement information 


PRECISION 


VOLTAGE 


SOURCE 


JT 


100 kn 
(i 


—AAA, 


100 kn 
(2) 
-, vre,- 
I 1.000-0.03mV 


Cief - 1 uF 
_£! 
(SeeNoteD) /TN (6) 


(18) 
CZ=1 nF _C 
(see Note D) ^T- 


(17 


12V 
(16)1 


VCC+ 


} 
ANALOG 


INPUTS 


REF 


INPUT 


Cref+ 


cref- 


CZ 


CZ 


ANALOG 
GND 
IsTX 


-12 V 


(12)1 


VCC- 
COMPARATOR 
OUTPUT 


CONTROL A 


CONTROL B 


BUFFER 


OUTPUT 


INTEGRATOR 
INPUT 


INTEGRATOR 
OUTPUT 
DIGITAL 
COMMON 


(111 


13) 


(15) 


MPU 


LOGIC 
CONTROLLER 
(See Note C) 


w 
; RX " 27 kn 


Cx - 1 uF 
(see Note D) 


fiDIGITAL COMMON 


tl - 100 ms 


from 
V|D(full scale) «1 
Rxcx = 
V0M-V|(PIN2) 


NOTES: C. 
Tests are started approximately 5 seconds aftor power-on. 
D. Capacitors used are TRW's X363UW poly propylene or eqivalent for Cx. Cf0(. and C^; however for Cref and C^. film-dielectric capacitors may 


be substituted. 


FIGURE 3-TEST CIRCUIT CONFIGURATION 


external-component selection guide 


The autozero capacitor Cz and reference capacitor Cref should be within 
the recommended range of operating 
conditions and should have low leakage characteristics. Most film-dielectric capacitors and some tantalum capacitors 
provide acceptable results. Ceramic and aluminum capacitors are not recommended because of their relatively high 
leakage characteristics. 


The integrator capacitor Cx should also be within the recommended range and must have good voltage linearity and 
low 
dielectric absorbtion. A 
polypropylene-dielectric capacitor similar to 
TRW's X363UW is recommended for 
4-1/2-digit accuracy. For 3-1/2-digit applications, polyster, polycarbonate, and other film dielectrics are usually suitable. 
Ceramic and electrolylic capacitors are not recommended. 


Stray coupling from the comparator output to any analog pin (in order of importance 17, 18, 14, 7, 6, 13, 1, 2, 15) 
must be minimized to avoid oscillations. In addition, all power supply pins should be bypassed at the package, for 
example, by a 0.01- liF ceramic capacitor. 


Analog and digital common are internally isolated and may be a different potentials. Digital common can be within 
4 volts of positive or negative supply with the logic decode still functioning properly. 


The time constant Rx^X should be kept as near the minimum value as possible and isgiven by the formula: 


V|d (full scale) ti. 
Minimum Rx^X = VOM-|-V|(pin2) 


where: 


V|Q(full scale) 
= Voltage on pin 1 with respect to pin 2 


ti = Input integration time in seconds 
V|(pjn 2) = Voltage on pin2 with respect to analog ground 
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description of digital processors 


The TL502C and TL503C are control logic devices 
designed to complement the TL500C and TL501C 
analog processors. They feature interdigit blanking, 
over-range blanking, an internal oscillator, and a fast 
display scan rate. The internal-oscillator input is a 
Schmitt trigger circuit that can be driven by an 
external clock pulse or provide its own 
time 
base 
with the addition of a capacitor. The typical oscillator 
frequency is 120 kHz with a 470-oicofarad capacitor 
connected between the oscillator input and ground. 


The TL502C provides seven-segment-display output 
drivers 
capable 
of 
sinking 
100 
miliiamperes 
and 
compatible with 
popular common-anode displays. 
The TL503C has four BCD output drivers capable of 
100-milliampere sink currents. The code (see next 
page and Figure 4) for each digit is multiplexed to the 
output drivers in phase with a pulse on the appropriate 
digit-enable line at a digit rate equal to fosc_divided 
by 200. Each digit-enable output is capable of sinking 
20 miliiamperes. 


The comparator input of each device, in addition to 
monitoring the output of the zero-crossing detector 
in the analog processor, may be used in the display 
test mode to check for wiring and display faults. A 
high logic level (2 to 6.5 volts) at the trigger input 
with the comparator input at 
or 
below 6.5 volts 
starts the integrate-input phase. Voltage levels equal 
to or greater than 7.9 volts on both the trigger and 
comparator inputs clear the system and set the BCD 
counter to 20,000. When normal operation resumes, 
the conversion cycle is restarted at 
the auto zero 
phase. 


These devicesare manufactured using|2|_ and bipolar 
techniques. The TL502C and TL503C are intended 
for operation from 0°C to 70°C. 


TYPES TL502C, TL503C 
DIGITAL PROCESSORS 


N DUAL-INLINE PACKAGE 


(TOP VIEW) 


CONTROL BOUTPUT Ql U20 
f 
Dl (LSB)C 2 
19 Hvcc 
2 CONTROL A OUTPUT 
2 20.000' 
3 OSCILLATOR INPUT 
3 TRIGGER 
152 COMPARATOR INPUT 
14iG^I 
=, 
I 7-SEGMENT 


DIGIT 


ENABLE < 
OUTPUTS I 


D2C 3 
D3C4 
DA £5 
IjDS (MSB)JCe 
7-SEGMENT f A£ 7 
DRIVER 
< 
B[8 
OUTPUTS \^C£9 
DIGITAL COMMON £ 10 


> 
DRIVER 
* I OUTPUTS 
I2l) E 


TL503 . . . N DUAL-IN-LINE PACKAGE 


ITOP VIEW) 


CONTROL BOUTPUT Q» U,6 
(" 
Dl (LSB)C ? 
15 
DIGIT 
D2C3 
,4 
ENABLE <J 
D3rj4 
,3 
OUTPUTS I 
D4C 5 
12 
1^5 (MSB)1 £ 6 
11 
QoC' 
10 
DIGITAL COMMON £ a 


Dvcc 
5 2 CONTROL A OUTPUT 
4 2 OSCILLATOR INPUT 
3 2 TRIGGER 
2 2 COMPARATOR INPUT 
1 HQ3 
0 IQ2 
9HQl 


'Pin 18 of TL502 provides an output of fosc (oscillator frequencies! 


- 20.000. 
- D5. the most significant bit. is also the sign bit. 


TABLE OF SPECIAL FUNCTIONS 


Vcc °5 v *1°% 


TRIGGER 


INPUT 


COMPARATOR 


INPUT 
FUNCTION 


V| < 0.8 V 
V| < 6.5 V 
Hold at auto-zero cycle alter completion of conversion 


2 V< V, C 6.5 V 
V| 'i 6.5 V 
Normal operation (continuous conversion) 


V| •- 6.5 V 
V| :• 7.9 V 
Display Test: All BCD outputs high 


V| > 7.9 V 
V| «; 6.5 V 
Internal Test 
Both inputs go to V| > 7.9 V 


simultaneously 


System clear: Sets BCD counter to 20.000. 


When normal operation is resumed, cycle begins with Auto Zero. 
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TYPES TL502C, TL503C 
DIGITAL PROCESSORS 


DIGIT 5 (MOST SIGNIFICANT DIGIT) CHARACTER CODES 


CHARACTER 


TL502C SEVEN-SEGMENT LINES 
TL503C BCD OUTPUT LINES 


A 
B 
C 
D 
E 
F 
G 
Q3 
Q2 
Q1 
QO 


8 
4 
2 
1 


+ 


+1 


H 


H 


H 
H 
H 
L 
L 


L 
L 
H 
L 
L 


L 


L 


H 
L 
H 
L 


H 
H 
H 
L 


-1 


L 


L 


H 
H 
L 
H 
H 


L 
L 
L 
H 
H 


L 


L 


H 
L 
H 
H 


H 
H 
H 
H 


DIGITS 1 THRU 4 NUMERIC CODE (See Figure 4) 


NUMBER 


TL502C SEVEN-SEGMENT LINES 
TL503C BCD OUTPUT LINES 


A 
B 
C 
D 
E 
F 
G 
Q3 
Q2 
Q1 
QO 


8 
4 
2 
1 


0 


1 


L 


H 


L 
L 
L 
L 
L 


L 
L 
H 
H 
H 


H 


H 


I. 
L 
L 
L 


L 
L 
L 
H 


2 


3 


L 


L 


L 
H 
L 
L 
H 


L 
L 
L 
H 
H 


L 


L 


L 
L 
H 
L 


L 
L 
H 
H 


4 


5 


H 


L 


-i-i 


X 
-J 


-lI 


L 


L 


L 
H 
L 
L 


L 
H 
L 
H 


6 


7 


L 


L 


H 
L 
L 
L 
L 


L 
L 
H 
H 
H 


L 


H 


L 
H 
H 
L 


L 
H 
H 
H 


8 


9 


L 


L 


L 
L 
L 
L 
L 


L 
L 
L 
H 
L 


L 


L 


H 
L 
L 
L 


H 
L 
L 
H 
H • high level. 
L • low level 


schematics of inputs and outputs 


COMPARATOR AND TRIGGER INPUT 


: 25 kn 
*x 


2.5 ki! 


CONTROL A AND B OUTPUTS 


-vcc 


OISPLAV 
TEST OR 
SYSTEM 
CLEAR 


-COMMC "• 
COMMON 


SEGMENT DRIVERS-TL502C 


BCD DRIVERS-TL503C 


DIGIT-ENABLE OUTPUTS 


Vcc 


Ikll 


5k,,;: 


. 
• ••.••. 


-Sho.t« on TL503C 
-—r 
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absolute maximum ratings 


TYPES TL502C, TL503C 
DIGITAL PROCESSORS 


Supply voltage, Vcc ,seo NoTe 5I 
7 
V 


Input voltage, V| 
Oscillator 
5.5 
V 
Comparator or Trigger 
9 


Output current 


BCD or Segment drivers 
120 


mA 
Digit-enable outputs 
40 


Pin 18 (TLC502 only) 
20 


Total power dissipation at (or below) 30°C free-air temperature (see Note 6) 
875 
mW 


Operating free-air temperature range 
0 to 70 
°C 


Storage temperature range 
-65 to 150 
°C 


NOTES: 5. Voltagevalues are with rospect to the network ground terminal. 
6. Foroperation above 30°C froo-air temperaturo. derate linearly ot tho rate of 9.2 mW/°C. 


recommended operating conditions 


MIN 
NOM 
MAX 
UNIT 


4.5 
5 
5.5 
V 


High-level input voltage. V|h 
Comparator and trigger inputs 
2 
V 


Low-level input voltage, V|[_ 
Comparator and trigger inputs 
0.8 
V 


Operating free-air temperature 
0 
70 
°C 
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electrical characteristics at 25 °C free-air temperature 


PARAMETER 
TERMINAL 
TEST CONDITIONS 
TL502C 
TL503C 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


V|K 
Input clamp voltage 
All inputs 
VCC = 4.5 V. 
l| = -12 mA 
-0.8 
-1.5 
-0.8 
-1.5 
V 


vT + 
Positive-going input 


threshold voltage 
Oscillator 
VCc = 5 V 
1.5 
1.5 
V 


vT- 
Negative-going input 


threshold voltage 
Oscillator 
Vcc = 5 V 
0.9 
0.9 
V 


Vj + - Vj _ 
Hysteresis 
Oscillator 
VCC 
= 5 V 
0.4 
0.6 
0.8 
0.4 
0.6 
0.8 


It+ 


Input current at 


positive-going input 


threshold voltage 


Oscillator 
VCC 
= 5 V 
-40 
-94 
-170 
-40 
-94 
-170 
/'A 


•T- 


Input current at 


negative-going input 


threshold voltage 


Oscillator 
VCC 
= 5 V 
40 
117 
170 
40 
117 
170 
pA 


V0H 
High-level output voltage 


Digit enable 


VCc = 4.5 V. 
'OH = 0 


4.15 
4.4 
4.15 
4.4 


V 
Pin 18 (TL502C only) 
4.25 
4.4 


Control A and B 
4.25 
4.4 
4.25 
4.4 


vol 
Low-level output voltage 


Digit enable 


Vcc = 4-5 v 


lOL = 20 mA 
0.2 
0.5 


V 


Pin 18 (TL502C only) 
IfjL • 
10 mA 
0.15 
0.4 


Control A and B 
Iql = 2 mA 
0.088 
0.4 
0.088 
0.4 
Segment drivers 
lOL = 100 mA 
0.17 
0.3 


BCD drivers 
lfjL = 100 mA 
0.17 
0.3 


l| 
Input current 
Comparator, Trigger 
VCC 
• 
5.5 V, 
V| = 5.5 V 
65 
100 
65 
100 
/•A 


Oscillator 
1 
1 
mA 


•tH 
High-level input current 
Comparator. Trigger 
VCC = 5.5 v. 
V| = 2.4 V 
-0.6 
- 
1 
-0.6 
- 
1 
mA 
Oscillator 
0.5 
0.5 


IlL 
Low-level input voltage 
Oscillator 
Vcc a 5.5 v, 
V| = 0.4 V 
-0.1 
-0.17 
-0.1 
-0.17 
mA 
Comparator, Trigger 
- 
1 
1.6 
-1 
-1.6 


!OH 
High-level output current 


(Output transistor offl 


Digit onable 


VCC = 4-5 V 


V0 = 0.5 V. 
-2.5 
-4 
-2.5 
-4 


mA 


Pin 18 (TL502C only) 
V0 
= 0.5 V 
-0.5 
-0.9 


Control A and B 
V0 
= 0.5 V 
-0.25 
-0.4 
-0.25 
-0.4 
Segment drivers 
V0 
= 5.5 V 
0.25 


BCD drivers 
V0 = 5.5 V 
0.25 


"Ot 
Low-level output current 


(Output transistor on) 
Digit onable 
VCC = 4.5 V, 
V0 = 3.55 V 
18 
23 
mA 


'cc 
Supply current 
vcc 
VCc = 5.5 V 
73 
110 
73 
110 
mA 


TYPES TL502C, TL503C 
DIGITAL PROCESSORS 


special functions"'" operating characteristics at 25°C free-air temperature 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


l| 
Input current into 


comparator or trigger inputs 


VCc • 5-5 V. 
V| = 8.55 V 
1.2 
1.8 
mA 


VCc = 5.5 V, 
V| = 6.25 V 
0.5 
mA 


'The comparator and triggerinputs may be used in the normal modeor to perform special functions. See the Table of SpecialFunctions. 


TYPICAL APPLICATION DATA 


16.7 ps (see Note E) 
-316.7 ps- 


NOTE E.The BCD or seven-segment driver outputs are presentfor a particular digit slightly beforo the falling edge of that digitenable. 


FIGURE 4-TL502C. TL503C DIGITTIMING WITH 120-kHz CLOCK SIGNALAT OSCILLATOR INPUT 
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Data Acquisition 


DATA 
ACQUISITION 
CIRCUITS 


3-Digit Accuracy (0.1%) 


10-Bit Resolution 


Automatic Zero 


Internal Reference Voltage 


Single-Supply Operation 


High-Impedance MOS Input 


Designed for use with TMS 1000 Type 
Microprocessors for Cost-Effective 
High-Volume Applications 


BI-MOS Technology 


Only 40 mW Typical Power Consumption 


TYPE TL505C 
ANALOG-TO-DIGITAL CONVERTER 


D2366. OCTOBER 1977-REVISED OCTOBER 1983 


N DUAL-IN-LINE PACKAGE 


(TOP VIEW) 


vccC 1 Ul4 2 ZERO CAP 2 
ANALOG IN £ 2 
13 3 ZERO CAP 1 
REF OUT £ 3 
12 3 INTEG RES 
REFIN £ 4 
11 2 INTEG IN 
GND £ 5 
10 2 INTEG OUT 
BIN 0 6 
9 2 GND 
A IN C 7 
8 2 COMPOUT 


l£^ 
Caution. This device has limited built-ingate protection. The leads should be shorted together or the device 
placed inconductive foam during storage or handling to prevent electrostic damage to the MOS gates. 


description 
The TL505C isan analog-to-digital converter building block designed for use withTMS 1000typemicroprocessors. It 
contains the analog elements (operational amplifier, comparator, voltage reference, analog switches, and switch drivers) 
necessary for a unipolar automatic-zeroing dual-slope converter. The logic for the dual-slope conversion can be 
performed by the associated MPU asa software routine or it can be implemented with other components such asthe 


TL502 logic-control device. 


The high-impedance MOS inputs permit the use of less expensive, lower value capacitors forthe integration and offset 
capacitors and permit conversionspeeds from 20 per second to 0.05 per second. 


The TL505C is a product of Tl's BIMOSprocess, which incorporates bipolar and MOSFET transistors on the same 
monolithic integrated circuit. The TL505C is characterized for operation from 0°C to 70 C. 


functional block diagram 


! 
S4 
(4111 
>•' 


c .O 
((141! 


«' 
S3A| 
si 
ANALOG Q-o^h. 
INPUT 
I 
I 
(3). 


T FULL-SCALE 


W 
ADJUST 


Rx 


(11) 
~6 


cx 
-\(r 


VOLTAGE 
REFERENCE 


NOTE:Analog and digital GND are internally connected together. 


(10) 
-A- — 
VCC(1) 


'(8) 
-O COMP 


LOGIC DECODE 
AND 
SWITCH DRIVERS 
-4 


1(6) 


£L-QJ 
"(5) 
(9) 
GND 
GND 


Copyright CO 1983 by Toxos Instruments Incorporated 
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TYPE TL505C 
ANALOG-TO-DIGITAL CONVERTER 


absolute maximum ratings over operating temperature range (unless otherwise noted) 


Supply voltage, Vcc (see Note 1) 
18V 
Input voltage, pins 2, 4, 6, and 7 
VqC 
Continuous total dissipation at (or below) 25 °C free-air temperature (see Note 2) 
875 mW 
Operating free-air temperature range 
0°C to 70°C 
Storage temperature range 
- 65 °C to 150 °C 


NOTES: 1. 
Voltage values aro with respect to the two ground terminals connoctod together. 
2. 
For operation above 25°C (ree-air temperature, refer to Dissipation Derating Curves. Section 2. 


recommended operating conditions 


MIN 
NOM 
MAX 
UNIT 
Supply voltage. Vqq 
7 
9 
15 
V 
Analog input voltage, V| 
0 
4 
V 
Reference input voltage. VrQf(|) 
0.5 
3 
V 
High-level input voltago at A or B. V|h 
3.6 
Vcc-1 
V 
Low-level input voltage at A or B, V||_ 
0.2 
1.8 
V 
Integrator capacitor. Cx 
See "component selection" 
Integrator resistor, Rx 
0.5 
2 
Ml! 
Integration time, ti 
16.6 
500 
ms 
Operating free-air temperature. Ta 
0 
70 
°C 


electrical characteristics, Vcc = 9 V. Vref(|) = 1 V, Ta = 25 °C, connected as shown in Figure 1 
(unless otherwise noted) 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 
V0H 
High-level output voltage at pin 8 
'OH = 0 
7.5 
8.5 
V 


'OH 
High-level output current at pin 8 
V0H = 7.5 V 
-100 
pA 
vol 
Low-level output voltage at pin 8 
l(3L = 1'6 mA 
200 
400 
mV 


vOM 
Maximum peak output voltage 
swing at integrator output 
RX 2 500 kii 
VCC-2 Vcc-1 
V 


vre(IO) 
Reference output voltage 
lref = 
-100;<A 
1.15 
1.22 
1.35 
V 


"Vref 
Temperature coefficient of 


reference output voltage 
TA = 0°C to 70°C 
±100 
ppm/°C 


l|H 
High-level input current into A or B 
V| = 9 V 
1 
10 
*A 
III 
Low-level input current into A or B 
V| = 1 V 
10 
2CC 
pA 
l| 
Current into analog input 
V| 
= 0 to 4 V. 
A input at 0 V 
±10 
-200 
PA 
'IB 
Total integrator input bias current 
±10 
PA 
'cc 
Supply current 
No load 
4.5 
8 
mA 


system electrical characteristics, Vcc = 9 V, Vref(|) = 1 V, Ta = 25 °C, connected as shown in 
Figure 1 (unless otherwise noted) 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 
Zero error 
V| = 0 
0.1 
0.4 
mV 
Linearity error 
V| = 0 to 4 V 
0.02 
0.1 
%FS 
Ratiometric reading 
V| - V^i) • 
1 V. 
0.998 
1.000 
1.002 
Temperature coefficient of 


ratiometric reading 
Vre((|) constant and « 1 V. 


TA = 0°C to 70°C 
±10 
ppm/°C 
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TYPE TL505C 
ANALOG-TO-DIGITAL CONVERTER 


DEFINITION OF TERMS 


Zero Error 
The intercept (b) ofthe analog-to-digital converter system transfer function y =mx +b,where y is the digital output, x 
is the analog input, and mis the slope of the transfer function, which is approximated by the ratiometric reading. 


Linearity Error 
The maximum magnitude of the deviation from astraight line between the end points of the transfer function. 


Ratiometric Reading 


The ratio ofnegative integration time (t2)to positive integration time (ti). 


PRINCIPLES OF OPERATION 
Ablock diagram of an MPU system utilizing the TL505C is shown in Figure 1. The TL505C operates in a modified 
positive-integration three-step dual-slope conversion mode. The A/D converter waveforms during the.conversion process 
are illustrated in Figure 2. 
v 


0.01 uF 
IT.-T 
<>>;,-, 
Y7,m 
in 
5-^1 


LOGIC DECODE 


AND 
SWITCH DRIVERS 


in) 


i 10kfi 
A !(7) 


B 1(6) 


MPU 
CONTROLLER 


FIGURE 1-FUNCTIONAL BLOCK DIAGRAM OFTL505C INTERFACE WITH AMICROPROCESSOR SYSTEM 


FUNCTION TABLE 


INTEGRATOR 
OUTPUT 


COMPARATOR 
OUTPUT 


CONTROLS 


A 
B 


ANALOG 


SWITCHES CLOSED 


L 
L 
SI. S2 


H 
H 
S3 


L 
H 
SI. S4 


H = V|H. L = V,L 


V1 =V2-V3 = V,+V0(ofs) 


FIGURE 2-CONVERSION PROCESS TIMING DIAGRAMS 
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TYPE TL505C 
ANALOG-TO-DIGITAL CONVERTER 


PRINCIPLES OF OPERATION 


The first step of the conversion cycle is the auto-zero period to during which the integrator offset is stored inthe 
auto-zero capacitor and the offset of the comparator is stored in the integrator capacitor. To accomplish this, the MPU 
takes the A and B inputs both low. This is decoded by the switch drivers, which close S1 and S2. The output of the 
comparator is connected to the input of the integrator through the low-pass filter consistingof Rz and Cz. The closed 
loop of AI and A2will seek a null condition where the offsets of the integrator andcomparator arestored inCz and 
Cx, respectively. This null condition is characterized by a high-frequency oscillation at the output of the comparator. 
The purpose of S2B is to shorten the amount of time required to reach the null condition. 


At the conclusion of to, the MPU takes the A and B inputs both high. This closes S3 and turns all other switches off. 
The input signalV| isapplied to the noninvertinginput of AI through Cz> V| isthen positivelyintegrated by A1. Since 
the offset of AI is stored in Cz.the change in voltage across Cx will be due to only the input voltage. It should be 
noted that since the input is integrated in a positive integration during t\, the output of AI will be the sum of the input 
voltage, the integral of the input voltage, and thecomparatoroffset,asshownin Figure 2. Thechange involtage across 
capacitor Cx (Vex) during ti is given by 


V|ti 
avcx,,,-— 
m 


where Ri = Rx + RS3B and 


RS3B is tne resistance of switch S3B. 


At the end of ti the MPU takes the A input lowand the B input high. Thisturns on S1and S4;allother switches are 
turned off. In this state the reference is integrated by A1 in a negative sense until the integrator output reaches the 
comparator threshold. At this point the comparator output goeshigh.Thischange in state issensed by the MPU, which 
terminates t2 byagain taking theAand Binputs both low. During t2 thechange involtage across Cx is given by 


Vref t2 
AVCX(2)= 
_ 
_ 
(2) 
R2CX 


where R2 = Rx + RS4 + Rref and 


Rref is the equivalent resistance of the reference divider. 


qj 
Since AV^i =—AVq^- equations (1) and (2) can be combined togive 


03 
Rl ' to 
V, - Vref —_£- 
(3) 
> 
«2 • ti 
g 
This equation is avariation ontheideal dual-slope equation, which is 


C 
t2 
to 
V| = Vref— 
(4) 


O* 
Ideally then, the ratio of Ri/R2 would be exactly equal to one. In a typical TL505C system where Rx = 1Mfi. the 
3 
scaling error introduced by the difference in Ri and R2isso small that it can be neglected, and equation (3) reduces to 
(4). 


7-60 
Texas 
Instruments 


POST OFFICE BOX 225012 a DALLAS. TEXAS 75265 


TYPE TL505C 
ANALOG-TO-DIGITAL CONVERTER 


ANALOG 


INPUT 


JT 


h 


IN 


OUT 
L 


1 
FULL-SCALE 
•^ 
ADJUST 


>REF 


I 


TYPICAL APPLICATION DATA 


9V 
i_ 


SIGNAL OUT 


SEE NOTE 3 
K(X) 


TMS1000 


SERIES 


T 


DRIVE 


DIGIT 
jnn 


TIL312 LED 


DISPLAYS 


NOTE 3: Connect to either » 9 V or 0 V depending on which dovice in the TMS 1000 series is used and how it is programmed. 


FIGURE 5-TL505C IN CONJUNCTION WITH A TMS 1000 SERIES MICROPROCESSOR 
FOR A 3-DIGIT DIGITAL PANEL METER APPLICATION 


FROM N. 
„ „ 
AUD'° 
LksPKR 
SYSTEM M] SPKR 


12 V 


FIGURE 6-AUDIO PEAK POWER METER 
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Data Acquisition 


DATA 
ACQUISITION 
CIRCUITS 


• 
Low Cost 


• 
7-Bit Resolution 


• 
Guaranteed Monotonicity 


• 
Ratiometric Conversion 


• 
Conversion Speed . . . approximately 1 ms 


• 
Single-Supply Operation . . . Either 
Unregulated 8-V to 18-V (VcC2 Input), or 
Regulated 3.5-V to 6-V (VcC1 Input) 


• 
l2-L Technology 


• 
Power Consumption at 5 V ... 25 mW Typ 


• 
Regulated 5.5-V Output (<1 mA) 


description 


The TL507 is a low-cost single-slope analog-to-digital 
converter designed to convert analog input voltages 
between 0.25 Vqc1 and 0.75 Vqc1 int0 a pulse- 
width-modulated output code, jt contains a 7-bit 
synchronous counter, 
a 
binary-weighted 
resistor 
ladder 
network, 
an 
operational 
amplifier, 
two 
comparators, a buffer amplifier, an internal regulator, 
and necessary logic circuitry. Integrated-injection logic 
(I^L) technology makes it possible to offer this 
complex circuit at low cost in a small dual-in-line 8-pin 
package. 


In continuous operation, itispossible toobtain conversion speedsupto 1000persecond.TheTL507 requires external 
signalsfor clock,reset, and enable. Versatility andsimplicity ofoperationcoupledwith lowcost, makesthis converter 
especially useful for a wide variety of applications. 


The TL507C is characterized for operation from 0°C to 70°C, and the TL507I is characterized for operation from 


-40°C to 85 °C. 
functional block diagram 


ANALOG 


INPUT 


£ Indicates an n-p-n oponcolloctor outpu 


TYPES TL507I, TL507C 
ANALOG-TO-DIGITAL CONVERTER 


D2503. OCTOBER 1979-REVISED FEBRUARY 1984 


P DUAL-IN-LINE PACKAGE 


(TOP VIEWI 


ENABLE Dl D 8PRESET 
CLKC 2 
GNDC 3 
OUTPUT £ A 


7 DVCC2 
6 JVcci 
5 3 ANALOG INPUT 


FUNCTION TABLE 


ANALOG 


INPUT CONDITION 
ENABLE 
OUTPUT 


X 


V| < 200 mV 
Vramp > V| > 200 mV 
V| > vramp 


L* 


H 


H 


H 


H 


L 


H 


L 


'Low level on enable also inhibits tho rosot (unction. 
H = high levol. L = low level, X = irrelevant 


Ahigh levelon tho reset pin clears the counter to zero, which sets tho internal 
ramp to 0.75 Vr,r.. Internalpulldown resistors keep the reset and enable 
pins low when not connected. 


COMPARATOR 2 


vcci 
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TYPES TL507I, TL507C 
ANALOG-TO-DIGITAL CONVERTER 


schematics of inputs and outputs 


EQUIVALENT OF ENABLE 


AND RESET INPUTS 


75 kn 
nom 
yy~ 


EQUIVALENT OF CLOCK 


INPUT 


75kI2 


NOM 
INPUT—Wv 


m 


VCC1 


EQUIVALENT OF ANALOG 


INPUT 


VCC1 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 
Supply voltage. Vcci (see Note 1) 
65V 
Supply voltage, VqC2 
20 V 
Input voltage at analog input 
65V 
Input voltage at enable, clock, and reset inputs 
±20 V 
On-state output voltage 
6 y 
Off-state output voltage 
20 V 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2) 
725mW 
Operating free-air temperature range:TL507l 
-40°C to85°C 
TL507C 
-0°Cto70°C 
Storage temperature range 
- 65°Cto 150°C 
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds 
260°C 


NOTES: 1 
Voltage valuesaro with respect to networkground terminal unlessotherwise noted. 
2. For operation abovo 25°C free-air temperature, refer to Dissipation Derating Curves. Section 2. 
recommended operating conditions 


Supply voltage, Vqq-| 
Supply voltage, VfjC2 
Input voltage at analog input 
Input voltage at chip enable, clock, and reset inputs 
On-state output voltago 
Off-state output voltage 
Clock frequency, fclock 


MIN 
NOM 
MAX 


5.5 
V 


V 


--H.- 
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TYPES TL507I, TL507C 
ANALOG-TO-DIGITAL CONVERTER 


electrical characteristics over recommended operating free-air temperature range, Vcci 
= v"CC2 = 5 V 
(unless otherwise noted) 


regulator section 


PARAMETER 
TEST CONDITIONS 
MIN 
TYPS 
MAX 
UNIT 


Vcci 
Supply voltage (output) 
VCC2 
" 
10 to 18 V. 
Ifjci 
= 0 to 
1 in A 
5 
5.5 
6 
V 


>CC1 
Supply current 
vcci 
• 
5 V, 
Vfjc2 °Pen 
5 
8 
mA 


'CC2 
Supply current 
VCC2 
= 15 V. 
Vcci open 
7 
10 
mA 


inputs 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP: 
MAX 
UNIT 


V|H 
High-level input voltage 
Reset and 


Enable 


2 
V 


V|L 
Low-level input voltage 
0.8 
V 


Vt+ 
Positive-going 
threshold voltage5 
Clock 


Input 


4.5 
V 


vT- 
Negative-going 
threshold voltage^ 
0.4 
V 


Vt+ 
- 
l/j _ Hysteresis 
2 
2.6 
4 
V 


l|H 
High-level input current 
Reset. 


Enable, and 


Clock 


V| = 2.4 V 
17 
35 
,,A 
V| = 18 V 
130 
220 
320 


l|L 
l| 


Low-level input current 


Analog input current 


V| = 0 


V| = 4 V 
10 


±10 


300 


pA 


nA 


output section 


PARAMETER 
TEST CONDITIONS 
MIN 
TYPJ 
MAX 
UNIT 


Iqh 
High-level output current 
V0H « 18 V 
0.1 
100 
pA 


Iql 
Low-level output current 
v0L = 5.5 v 
5 
10 
15 
mA 


Vql 
Low-level output voltage 
Iql = 1-6 mA 
80 


operating characteristics over recommended operating free-air temperature range, Vcd =VCC2 -5.12 V 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP: 
MAX 
UNIT 


Overall error 
±80 


Differential nonlinearity 
Zero error5 
Binary count = 0 
1.20 
1.28 
1.36 
V 


Scale error 
Binary count = 127 
±80 
mV 


Full scale input voltages' 
Binary count = 127 
3.74 
3.82 
3.9 
V 


Propagation delay time from reset or enable 
2 
pa 


!All typical values aro ot T^ • 25°C 
5Thosc parameters aro linearfunctions ol Vcci- 


definitions 


zero error 


Theintercept (b) ofthe analog-to-digital converter-systemtransfer functiony = mx + b, where yis the digital output, 
x is the analog input, and m is the slope of the transfer function. 


overall error 


The magnitude of the deviationfrom a straight linebetween the endpoints of the transfer function, 


differential nonlinearity 


Maximum deviation of an analog-value change that is asociated with a 1-bit code change (1 clock pulse) from its 


theroretical value of 1 LSB. 
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TYPES TL507I, TL507C 
ANALOG-TO-DIGITAL CONVERTER 


PARAMETER MEASUREMENT INFORMATION 


FIGURE 1-MONOTONICITY AND NONLINEARITY TEST CIRCUIT 


PRINCIPLES OF OPERATION 


The TL507 is asingle-slope analog-to-digital converter. All single-slope converters are basically voltage-time or current- 
to-time converters. Astudyof the functional block diagram shows the versatility of the TL507. 


An external clock signal is applied through abuffer to anegative-edge-triggered synchronous counter. Binary-weighted 
resistors from the counter are connected to an operational amplifier used asan adder. The operational amplifier generates 
asignal that ramps from 0.75 • VCC1 down to 0.25 •VCC1 •Comparator 1compares the ramp signal to the analog 
input signal. Comparator 2functions asa fault defector. With the analog input voltage in the range 0.25 • VCC1 
to 0.75 •Vcci.the duty cycle of the output signal is determined by the unknown analog input as shown in Figure 2 
and the Function Table. 


For illustration assume VqC! = 5.12 V, 


0.25 • Vcci = 1.28 V 


(0.75 - 0.25) Vcci 
1 binary count = 


0.75 • Vcci ~ 1 count = 3.82 V 


The output is an open-collector n-p-n transistor 
capable of withstanding up to 18 volts in the off state. 
The 
output 
is 
current 
limited 
to 
the 
8- 
to 
12-milliampere range; however, care must be taken 
to ensure that the output does not exceed 5.5 volts 
in the on state. 


The voltage regulator section allows operation from 
either an unregulated 8- to 18-volt Vcc2 source or 
a regulated 3.5- to 6-volt Vcd source. Regardless 
of which external power source is used, the internal 
circuitry operates at Vcci- When operating from a 
Vcd source, VcC2 may be connected to Vcci or 
leftopen.When operating from a Vcc2 source, Vcci 
can be used as a reference voltage output. 


128 
= 
20 mV 


FIGURE 2 
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DATA 
ACQUISITION 
CIRCUITS 


• 
Total Unadjusted Error at 85 °C: 
TL520 ... ±3/4 LSB MAX 
TL521 ... ±1 LSB MAX 
TL522 ... ±1/2 LSB MAX 


• 
8-Bit Resolution 


• 
Built-in 8-lnput Analog Multiplexer 


• 
Minimum Conversion Time: 
TL520 ... 70 /is 
TL521 ... 100 /is 
TL522 . . . 200 /xs 


• 
Ratiometric Conversion 


• 
Guaranteed Monotonicity 


• 
No Missing Codes 


• 
Easy Interface with Microprocessors 


• 
Latched 3-State Outputs 


• 
Latched Address Inputs 


• 
Single-Supply Operation 
TL520, TL521 ... 5 V 
TL522 ... 3 V 


• 
Low Power Consumption 
TL520, TL521 ... 2.5 mW Typical 
TL522 ... 0.3 mW Typical 


TYPES TL520, TL521, TL522 
CMOS ANALOG-TO-DIGITAL CONVERTERS 
WITH 8-CHANNEL MULTIPLEXERS 
D2666. SEPTEMBER 1982-REVISED SEPTEMBER 1983 


N DUAL-IN-LINE PACKAGE 
(TOP VIEWI 


VCC CfTC^B 
CLOCK £ 2 
27 


DIGITAL J 0_4r, 
OUTPUTS J *• 
_ J: 
^2-6C5 
LSB 2-8^6 
OUTPUT ENABLE £ 7 
REF- C8 
INPUT 1 £<) 
INPUT 2 £ 10 
INPUT 3 £ 11 
INPUT 4 £ 12 
INPUT 5 [13 
INPUT 6 £u_ 


3 GND 
3 START CONVERSION 
26 D2-1 MSB^l 
25 3 2-3 
I DIGITAL 
24 U2-5 
f OUTPUTS 
2332-7 
) 
222 END 0F CONVERSION 


21 2 REF + 
20 3 ADDRESS STROBE 
19 3 ADDRESS A 
18] ADDRESS B 
173 ADDRESS C 
16 3 INPUT 8 
152 INPUT 7 


description 
TheTL520, TL521, and TL522 are monolithic CMOS devices each with an 8-channel multiplexer, and 8-bit analog-to- 
digital (A/D) converter, and microprocessor-compatible control logic. The 8-channel multiplexer can be controlled by 
a microprocessor through a 3-bit address decoder with address load toselect any one of eight single-ended analog 
switches connected directly to a comparator. The 8-bit A/D converter usesa binary-weighted capacitor array to 
implement the high-speed, successive-approximation conversion technique. 
The comparison and conversion methods used eliminate the possibility of missing codes, nonmonotonicity, and the 
need for zero orfull-scale adjustment. Also featured are latched 3-state outputs and latched inputs tothe multiplexer 
address decoder. The single 5-volt supply and low power requirements make the TL520 and TL521 especially useful 
for a wide variety ofapplications. The 3-volt and low power requirements make theTL522 especially useful for battery 
and LCD applications. Ratiometric conversion ismade possible by access tothe reference voltage input terminals. 


TheTL520, TL521, and TL522 are characterized for operation from -40°C to 85 °C. 


absolute maximum ratingsover operating free-air temperaturerange (unlessotherwise noted) 
ecu 
Supply voltage, Vcc 'see Note 11 
Positive reference input voltage range, Vref + 
Vref- to Vcc + °-3 v 
Negative reference input voltage range, Vref- (see Note 1) 
-0.3 Vto Vref+ 
Input voltage range: all other inputs 
-°-3 v t0 VCC + °-3 v 
Continuous total dissipation at 25°C free-air temperature (see Note 2) 
125° mW 
-40°C to 85°C 
-65°C to 150°C 
Operating free-air temperature range 
Storage temperature range 
Lead temperature 1,6mm (1/16 inch) from case for 10seconds 
260°C 


NOTES: 1. All voltage values are with rospect to network ground ten 
2. For operation abovo 25°C Ireeair temperature, roler to 0 
iipation Derating Curves. Section 2. 


Copyright , 19B2 by TexasInstruments Incorporated 
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TYPES TL520, TL521, TL522 
CMOS ANALOG-TO-DIGITAL CONVERTERS 
WITH 8-CHANNEL MULTIPLEXERS 


functional block diagram (positive logic) 


(21) 


(in 


(10) 


,(12. 


,(131 


(14) 


.(15) 


.116) 


CLOCK 


START CONVERSION 


(2) 


(27) 


OUTPUT ENABLE (7) 


ADDRESS A 


ADDRESS B 


U9I 


(18) 


(17) 
(20) 
ADDRESS STROBE 


ANALOG 


MULTI 
PLEXER 


ADDRESS 


DECODER 


internal timing sequence 


INTERNAL START 


SAMPLE AND HOLD 
(CAPACITOR CHARGE) 


CONVERSION INTERVAL 
(26 CLOCK CYCLES) 


DATA LATCH 


DIGITAL OUTPUT 


BINARY-WEIGHTED 


CAPACITORS 


SWITCH 


MATRIX 


THRESHOLD 


DETECTOR 


TIMING 


> 
AND 


CONTROL 


> 


-HIZ-STATE- 


MULTIPLEXER FUNCTION TABLE 


INPUTS 
SELECTED 


ANALOG 


CHANNEL 


ADDRESS 
ADDRESS 


STROBE 
C 
B 
A 


L 
L 
L 
0 


L 
L 
H 
1 


L 
H 
L 
2 


L 
H 
H 
3 


H 
L 
L 
4 


H 
L 
H 
5 


H 
H 
L 
6 


H 
H 
H 
7 


H • 
high level. L = low level 
t = low-to-high transition 


•JSL 2-8 (LSB)' 


OUTPUT 


LATCHES 


EN 


<23) 2_7 
J5]_2-6 


J24! 2-5 
Jfl.2-4 
125) 2-3 


(3) 2-2 
-iM 2-1 (MSB) 
(22) END OF 


CONVERSION 


v 
DIGITAL 
| 
OUTPUTS 


22 
24 
26 


c 
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TYPES TL520, TL521, TL522 
CMOS ANALOG-TO-DIGITAL CONVERTERS 
WITH 8-CHANNEL MULTIPLEXERS 


TL520, TL521 recommended operating conditions 


TL520 
TL521 
UNIT 
MIN 
NOM 
MAX 
MIN 
NOM 
MAX 


Supply voltage, Vcc 
3 
5 
5.5 
3 
5 
5.5 
V 


Positive reference voltago, Vref + 
3 
vcc 
3 
vcc 
V 


Negative reference voltage, Vref- 
0 
0.3 
0 
0.3 
V 


Supply voltage relative to Vref + 'VCC ~ Vref +1 
0 
1 
0 
1 
V 


Analog input voltage (see Note 3) 
Vref- 
VREF+ 
VREF- 
Vref^ 
V 


High-levol control input voltage, Vm 
VCC a 4.75 V 
VcC-1-5 
vCc-i 5 


Low-level control input voltage. V||_ 
Vcc * 4-75 v 
1.5 
1.5 
V 


Clock frequency, fclock 
Vref+ = 5 V 
260 
370 
200 
260 
kHz 
VREF+ = 3V 
100 
100 


Conversion time, tconv 
VCC - VREF+ 
" 5 V 
70 
100 
,.s 


Duration of start pulse, tw(S) 
100 
100 
ns 


Duration of address strobe pulse, tw(asi 
200 
200 
ns 


Address setup time, tsu 
50 
50 
ns 


Address hold time, th. 
50 
50 
ns 


Input voltage hold time 
8 
8 
clock 


poriods 


Operating free-air temperature. Ta 
-40 
85 
-40 
85 
°C 


TL522 recommended operating conditions 


MIN 
NOM 
MAX 
UNIT 


Supply voltage, Vcc (see Note 4) 
Ta - 0°C to 85"C 
2.75 
3 
5.5 
V 
TA = -40°C to 0°C 
3 
5.5 


Positive reference voltago. Vref + (see Notes 3 and 4) 
2.75 
vcc 
V 


Negative reference voltage, Vref- <seo Note 3) 
0 
0.3 
V 


Supply voltage relative to Vref + , Vcc - Vref + 
0 
1 
V 


Analog input voltage (see Note 3) 
Vref- 
vref. 
V 


High-level control input voltage, V|h 
0.7VCC 
V 


Low-levol control input voltage, V||_ 
0.3VCC 
V 


Clock frequency, fclock 
VREF+ 
= 5 V 
100 
260 
kHz 
Vref+ = 2.75 V (soo Note 4) 
100 
130 


Conversion time, tconv (see Note 5) 
200 
us 


Duration of start pulse, tvy(S) 
600 
ns 


Duration of address strobe pulse, tw|AS) 
600 
ns 


Address setup time, tsu 
200 
ns 


Address hold time, tn 
150 
ns 


Input voltage hold time 
8 
clock 


periods 


Operating free-air temperature, T/\ (see Noto 4) 
-40 
85 
°C 


NOTES: 3. 
Analog input voltage greater than Vref+ converts as oil highs and less than Vref- converts as all lows. 
4, 
For proper operation of TL522 at froo-air temperatures bolow 0°C. Vqq and differential reference voltago (Vref » 
" VREF- • 
less than 3 volts. 
5. 
Convorsion timo is a function of clock frequency, with 200 >iscorresponding to a maximum clock frequoncy of 130 kHz. 
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TYPES TL520, TL521 
CMOS ANALOG-TO-DIGITAL CONVERTERS 
WITH 8-CHANNEL MULTIPLEXERS 


TL520, TL521 electrical characteristics over recommended operating free-air temperature range, 
Vcc = 4.5 V to 5.25 V (unless otherwise noted) 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP' 
MAX 
UNIT 


Vqh 
High-level output.voltage 
l0 = -360,iA 
•• 
V 
Vol 
Low-level output voltage 
lO = 1.6 mA 
0.4 
V 


Off-state (high-impedance 
lf)7 
state) output current 


V0 = 5V 
1 
*A 
V0 
= 0 
- 
1 


High-level control 
l|H 
input current 
V| = Vcc + °-3 v 
1 
pA 


Low-level control 
<IL 
input current 
V| = 0 
-1 
pA 


Peak analog input 
'l(op) 
current (operating) 


(see Note 6) 


VCC = VREF+ = SV. 
V| = 2.5 V 
'clock = 200 kHz, 
TA = 25 °C 
-5 
-10 
pA 


Analog input 


'l(stdby) 
current (standby) 


(see Note 7) 


Vcc = 5 V. 
V| = 5 V 
10 
200 
nA 
TA = 25°C 
V| = 0 
-10 
-200 


VCc = 5 V, 
V| = 5 V 
1 
/'A 
TA • 85°C 
V| = 0 
-1 


Supply current 
CC 
(see Note 8) 


REF+ and REF- terminals open, 


'clock = 200 kHz 
10 
50 
pA 


Supply current plus 


ICC + 'REF+ 
reference current 


(see Noto 8) 


VCC " VREF+ = SV, 
Vref- =0. 
'clock = 200 kHz 
0.5 
1 


mA 
VCC = VREF+ = 3 V. 
Vref- = 0, 


'clock = 100 kHz 
0.1 


'All typical characteristics are at Vr.c = 5 V and Ta • 25°C (unlessotherwise specified! 
NOTES: 6. I||0p|is measured on a selected channel anddecaysexponentially during the first clock pulse. 
7. I|(stdby) is moasurod on a selected channelwith tho clockinputat 0 V. 
8. 
Curront increases linearly with frequency of the clock at tho rate of approximately 10% per 100 kHz 


TL520, TL521 operating characteristics, Ta = 25°C, Vcc = Vref+ 
= 5 V, Vref- 
= 0, 
fclock = 370 kHz for TL520 and 260 kHz for TL521 (unless otherwise noted) 


PARAMETER 
TEST CONDITIONS 
TL520 
TL521 
UNIT 
MIN 
TYP: 
MAX 
MIN 
TYP: 
MAX 


Supply voltage 
KSVS 
sensitivity 
VCC = VREF+ = 4.75 Vto 


5.25 V 
0.05 
0.05 
%/V 


Linearity error (see Note 9) 
r0.25 
±0.5 
LSB 


Origin error (see Note 9) 
- 0.25 
±0.25 
LSB 


Total unadjustod 


error (see Noto 9) 


TA = 25°C 
±0.25 
±0.5 
±0.5 
LSB 
TA = -40°C to 85°C 
±0.75 
± 1 


ten 
Output enable time 
CL = 50 pF 
100 
250 
100 
ns 


tdis 
Output disable time 
CL = 10 pF. RL = 10 kQ 
100 
250 
100 
ns 


Delay time, end-of- 
d(EOC-L) 
conversion output 
0 
100 
0 
100 
ns 


'Typical values for all except supply voltage sonsitivity are at Vr.r. • 5 V. 
NOTE 9: All errors are measured with reference to an ideal straight-lino transfer i 
from 9.8 mV to 4.99 V with REF+ 
= Vcc. 
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TYPE TL522 
CMOS ANALOG-TO-DIGITAL CONVERTER 
WITH 8-CHANNEL MULTIPLEXER 


TL522 electrical characteristics over recommended operating free-air temperature range, 
Vcc = 3 V to 5.25 V, fclock = 125 kHz (unless otherwise noted) 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP' 
MAX 
UNIT 


Vqh 
High-level output voltage 


l0 = - 1 pA 
VCC -005 


V 
VCc - 2.75 V. 
'0 - 
-0.1 mA. 
Ta = 0°C to 85 °C 
2.35 


l0 = -0.36 mA. 
VCc = 5 V 


Vql 
Low-level output voltage 


l0 = 
- 1 pA 
0.05 


V 
VCc = 2.75 V, 
lo - 0.4 mA, 
Ta = 0°C to 85°C 
0.4 


Vcc = 5 V. 
lo = 1-6 mA 
0.4 


Off-state (high-impedance 
'oz 
state) output current 
Vcc • 
5.25 V, 
Vq • 
5.5 V 
1 
/•A 
Vq = o 
-1 


l|.| 
High-level input current 
Vcc = 5.25 V. 
V| = 5.5 V 
1 
„A 


l||_ 
Low-level input current 
V| = 0 
-1 
pA 


Peak analog input current 
"opl 
(operating) (see Note 6) 
VCC • Vref+ = 3 V, 
Vj - 1.6 V, 
'clock = 125 kHz. 
TA = 25 °C 
-5 
-10 
(•A 


Analog input 
ll(stdby) 
current 


(see Note 7) 


VCC 
~- 3 V. 
TA = 25°C 


V| = 3 V 
10 
200 
nA 
V| = 0 
-10 
-200 


VCC = 3 V. 
TA - 85°C 


V| = 3 V 
1 
;<A 
V| = 0 
-1 


Ice 
Supply current from Vcci 
REF+ and REF- terminals open 
10 
50 
pA 


Supply current plus 


ICC + 'REF 
reference current 


(see Note 8) 


Vcc • Vref+ = 5 V. 
Vref- = o. 


'clock = 200 kHz 
0.5 


mA 
VCC = VREF+ -3V, 
Vref- = o. 
'clock = 125 kHz 
0.1 
0.2 


Cj 
Input capacitance 
10 
pF 


C0 
Output capacitance 
10 
pF 


NOTES: 6. l|(op) ismoasurod ona selected channel and decays oxponontially during tho lirst clock pulse. 
7. I||jtdbyl ismeasured ona solocted channel with thoclock input at 0 V. 
8. 
Curront increases linearly with frequency of the clock at the rate of approximately 10% per 100 kHz. 


TL522 operating characteristics, Ta = 25°C, Vref+ = 3 V to 5.5 V, Vref 
(unless otherwise noted) 
- 
= 0, fdock = 130 kHz 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP1 
MAX 
UNIT 


•<SVS 
Supply voltago sensitivity 
0.05 
%/V 


Linearity error (see Noto 9) 
±0.25 
LSB 


Origin error (see Note 9) 
±0.25 
LSB 


Total unadjusted error 


(see Note 9) 
Vcc = 2.75 V, Ta = 0°C to 70°C 
±0.25 
±0.5 
LSB 
TA = - 40°C to 85°C 
±0.25 
±0.5 


ten 
Output enable time 
Cl = 50 pF. RL = 10 kO 
0.7 
1 
/IS 


tdis 
Output disable time 
Cl = 10 pF, Rl = 10 k!) 
0.6 
0.8 
).S 


Delay time, end-of- 
d(EOC-L) 
conversj0n output 
0 
100 
ns 


'All typical values 


NOTE 9: 
All erro 
Iat VCc = 3 V. TA = 25°C (unless otherwise notodl 
re measured with reference to an ideal straight-line transfer i 
from 9.8 mV to 4.99 V with REF+ - 
VCC. 
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TYPES TL520, TL521, TL522 
CMOS ANALOG-TO-DIGITAL CONVERTERS 
WITH 8-CHANNEL MULTIPLEXERS 


timing diagram 


START 
CONVERSION 


ANALOG INPUT X 


END OF 
CONVERSION 


OUTPUT 
ENABLE 


DIGITAL OUTPUTS 
2-1 THROUGH2~8 


I 
St 
v/ 
il 
I 
I INPUT STABLE 
Y 
I DON'T 
II 
'V-ii— 


I 
H 
M—'d(EOCL) 


HIGH 
IMPEDANCE 


-Si- 


-iS- 


-SV- 


50% 
*/ 


*4* 


10% +- 
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V 


VALID DATA 


'dis 
90% 


10 


timing diagram 


TYPES TL520, TL521, TL522 
CMOS ANALOG-TO-DIGITAL CONVERTERS 
WITH 8-CHANNEL MULTIPLEXERS 


PRINCIPLES OF OPERATION 


The analog multiplexer selects 1 of 8 single-ended input channels as determined by the input address code. The address 
strobe transfers and latches the address into the decoder on the positive-going edge of the signal. The output latch 
is reset by the postivie-going edge of the start pulse. Sampling also starts with the positive-going edge of the start 
pulse and lasts for 8 clock periods. The conversion process may be interrupted by a new start pulse before the end 
of 24 clock periods. The previous data will be lost if a new start of conversio occurs before the 24th clock pulse. 
Continuous conversion may be accomplished by connecting the end-of-pconversion output to the start input. If used 
in this mode an external pulse should be applied after power up to assure start up. 


converter 


The CMOS threshold detector in the successive-approximation conversion system determines each bit by examining 
the charge on a series of binary-weighted capacitors (Figure 1). In the first phase of the conversion process, the analog 
input is sampled by closing switch Sq and all Sy switches, and by simultaneously charging all the capacitors to the 
input voltage. 


In the next phase of the conversion process, all Sj and Sq switches are opened and the threshold detector begins 
identifying bits by identifying the charge (voltage) on each capacitor relative to the reference voltage. In the switching 
sequence, all eight capacitors are examined separately until all 8 bits are identified, and then the charge-convert sequence 
is repeated. In the first step of the conversion phase, the threshold detector looks at the first capacitor (weight = 128). 
Node 128 of this capacitor is switched to the reference voltage, and the equivalent nodes of all the other capacitors 
on the ladder are switched to REF-. If the voltage at the summing node is greater than the trip-point of the threshold 
detector (approximately one-half the reference voltage), a bit is placed in the output register, and the 128-weight 
capacitor is switched to REF-. If the voltage at the summing node is less than the trip point of the threshold detector, 
this 128-weight capacitor remains connected to REF+ through the remainder of the capacitor-sampling (bit-counting) 
process. The process is repeated for the 64-weight capacitor, the 32-weight capacitor, and so forth down the line, 


until all bits are counted. 


With each step of the capacitor-sampling process, the initialcharge is redistributed among the capacitors. The conversion 
process is succcessive approximation, but relies on charge shifting rather than a successive-approximation register 
(and reference D/A) to count and weigh the bits from MSB to LSB. 


i28iK<^REF+.Kcr^REF+iKrlREF+i-<^REF+<Hr^EF+<i 


REF-*" 
REF-^' 
REF-*" 
REF-^4 
REF-^ ' REF-^' 
REF-^ ' 
REF-^ ' REF-^ ' 
te 
fa 
te 
te 
te 
fa 
fa 
fa 


FIGURE 1-SIMPLIFIED MODEL OF THE SUCCESSIVE-APPROXIMATION SYSTEM 
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TYPES TL520, TL521, TL522 
CMOS ANALOG-TO-DIGITAL CONVERTERS 
WITH 8-CHANNEL MULTIPLEXERS 


TYPICAL APPLICATION INFORMATION 


The TL520, TL521, and TL522 are CMOS devices using charge redistribution to achieve A/D conversion. In typical 
applications as a ratiometric conversion system for a microprocessor, REF- will be connected to ground and REF + 
will be connected to VfjC- The output will then be a simple proportional ratio between the analog input voltage and 
VCC (Figure 3). The general relationship is 


D out 
= 
Vii 


28 
VREF+ 
- Vref- 


where 
Dout = decimal value of binary output word 
Vjn = analog input voltage 
VREF +- 
= positive reference voltage = Vcc 
Vref- = negative reference voltage = Vq^jq 


Latchup may overheat and destroy the device and may occur by either of two kinds of circumstances: out of range 
reference voltages or by incorrect power-up sequence. Vrf.f + should not be more positive than Vcc by more than 
300 millivolts or Vref- should not be more negative than GNDby more than 300 millivolts. Apply Vcc before either 
of the reference voltages. The advantage of the compressed reference potential is that the full 8-bit resolution applies 
to be compressed voltage range (Figure 4). However, the cautions mentioned above must be observed. Operation 
at voltages down to Vcc = 3 volts is possible but limits the frequency to 100 kilohertz maximum and thus conversion 
time to 260 microseconds minimum. Interface for the common microprocessors is shown in Figure 2. 


MICROPROCESSOR INTERFACE TABLE 


PROCESSOR 
READ 
WRITE 
INTERRUPT (COMMENT) 


TMS7000 
RD 
WR 
EINT 


TMS9900 
MEMEN 
WE 
INTREQ 


8080 
MEMR 
MEMW 
INTR (Thru RST Circuit) 


8085 
RD 
WR 
INTR (Thru RST Circuit) 


Z-80 
RD 
WR 
INT (Thru RST Circuit. Mode 0) 


SC/MP 
NRDS 
NWDS 
SA (Thru Sense AI 


6800 
VMA +2 R/W 
VMA 
+ 2 R/W 
IRQA or IRQB (Thru PIA) 


vcc 


- 
INPUT 8 


TT 


REF ' 


EOC 


- -V SUPPLY 


2-8 
- 


2-1 } 


+• 
INTERRUPT 


•WAIT 


DATA 


BUS 


' Tho full-scale value oftheanalog input vollage canbeshifted between 3 volts and 6.5volts byvarying Vrep_ and V^c-butonly 5volts guarantees TTL 
compatibility. 


FIGURE 2 - 
TYPICAL MICROPROCESSOR APPLICATION 
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5 V SUPPLY C- 


200 kHz - 


SEE 
OPERATING 
SEQUENCE 
DIAGRAM 


ADDRESS STROBE-{ 


i* 
TRANSDUCER 
{E 


VCC 


REF+ 


REF- 


[>CLK 
START 
CONV 


OE 


t>AS 


INPUT 1 


ADA 


ADB 


ADC 


GND 


TYPES TL520, TL521, TL522 
CMOS ANALOG-TO-DIGITAL CONVERTERS 
WITH 8-CHANNEL MULTIPLEXERS 


TYPICAL APPLICATION INFORMATION 


A/D 


2-8 


2-7 
2-6 


2-5 


2^1 


2-3 


2-2 


2-1 


EOC 


DIGITAL 
DATA 


OUTPUTS 


00000000 


FIGURE 3 
- 
RATIOMETRIC SYSTEM 


CONVERSION CURVE 


2500 
INPUT VOLTAGE - 
mV 


RESOLUTION 
= 
19.5 mV 


5000 


COMPRESSED CONVERSION CURVE' 


1000 
2000 
3000 
4000 
5000 


INPUT VOLTAGE 
- 
mV 


RESOLUTION 
= 
1 5 mV 


NOTE: 
Input voltage below Vrep _ converts as all zeros 
Input voltage abovo Vp£f » converts as all ones 


"Equivalent to 9-bit resolution over a 5-V rango 


FIGURE 4-COMPRESSED RATIOMETRIC SYSTEM 
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Data Acquisition 


DATA 
ACQUISITION 
CIRCUITS 


TYPES TL530, TL531 
CMOS 8-BIT ANALOG-TO-DIGITAL PERIPHERALS WITH 
ADDITIONAL DIGITAL INPUT/OUTPUT CAPABILITY 


8-Bit Resolution 


Total Unadjusted Error . . . ±0.5 LSB Max for 
TL530 and 
± 1 LSB Max for TL531 


Ratiometric Conversion 


Conversion Time (Including Access 
Time) . . . 300 /ts (290 Clock Cycles) 


3-State, Bidirectional I/O Data Bus 


Up to 12 Digital Inputs Including 3 I/O Pins 


10 Analog and 6 Multipurpose Analog or Digital 
Inputs 


On-Chip 16-Channel Analog Multiplexer 


Three On-Chip 16-Bit Data Registers 


Polled or Interrupt Driven 


Single 5-V Supply Operation 


Low Power Consumption ... 15 mW Typ 


Pin-for-Pin Compatible Functional 
Replacements for Motorola MC14444 and 
National Semiconductor ADC0830 


description 


The TL530 and TL531 
are monolithic CMOS 
peripheral integrated circuits each designed to 
interface 
a 
microprocessor 
for 
analog 
data 
acquisition. 
These 
devices 
are 
complete 
peripheral data acquisition systems on a single 
chip and can convert analog signals to digital 
data from up to 15 external analog terminals. 
Each device features operation from a single 
5-volt supply and additional digital input/output 
capabilities. Each contains a 16-channel analog 
multiplexer, an 8-bit ratiometric analog-to-digital 
(A/D) 
converter, three 
16-bit registers, and 
microprocessor-compatible 
control 
logic 
circuitry. Additional features include a built-in 
self-test, six multipurpose (analog or digital) 
inputs, nine external analog inputs, and an 8-pin 
input/output (I/O) data port. The three on-chip 
data 
registers 
store 
the 
control 
data, 
the 
conversion results, and the input digital data that 
can be accesssed via the microprocessor data 
bus in two 8-bit bytes (most-significant byte 
first). 
In this manner, 
a microprocessor can 
access up to 15 external analog inputs or 6 
digital signals and the positive reference voltage 
that may be used for self-test. 


DIGITAL 


I/O 


D2750. NOVEMBER 1983 


N DUAL-INLINE PACKAGE 


(TOP VIEWI 


c 
[J 


c« 


Co 


[8 
C9 
C10 
C ii 
C '2 
C 13 
C14 
ClB 
Cl6 
C" 
E« 


C20 


REF- 


GND 
f 
l/ODl 


I/OD2 


I/OD3 


.< D2 
k.D3 


TJ-: 
3 REF 4 (AD 
Uvcc 
D INTERRUPT REQUEST (IRQ) 
3 MUX OUT 
3ao" 


DIGITA 


INPUTS 
>2 
.03 
'2-1 (MSB 
2-2 
2-3 
2-4 
2-5 
2-6 
2-7 
,2-8 (LSB) 


READ/WRITE (R/W) 


CLOCK ICLK) 


REGISTER SELECT (RS) 


CHIP SELECT (CS) 


FUNCTION TABLE 


ANALOG/ 


DIGITAL 


INPUTS 


ADDRESS/CONTROL 
DESCRIPTION 
R/W 
RS 
CS 
R 
CLK 


X 


L 


H 


H 


X 


X 


H 


L 


H 


X 


x 


L 


L 


L 


H 


Li 


H 


H 


H 


H 


1 


t 


X 


Reset 


Write bus data to control 


register 


Read data from analog 


conversion register 


Read data (rom ditigal 


data register 


No response 


H = High-level, L = Low-level. X = Irrelevant, 
J = High-to-low transition, t = Low-to-high transition 
'For proper operation. Reset must be low (or al least three clock cycles. 


Copyright 6 
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TYPES TL530, TL531 
CMOS 8-BIT ANALOG-TO-DIGITAL PERIPHERALS WITH 
ADDITIONAL DIGITAL INPUT/OUTPUT CAPABILITY 


description (continued) 


The A/D conversion uses the successive-approximation technique employing a high-impedance chopper- 
stabilized comparator, a 256R end-compensated voltage divider with analog switch tree, and a successive- 
approximation register (SAR). This method eliminates the possibility of missing codes, nonmonotonicity, 
and a need for zero or full-scale adjustment. Positive and negative reference voltage inputs make possible 
ratiometric conversion and reference isolation from supply noises. 


The TL530I and TL531I are characterized for operation from -40°C to 85°C. 


functional description 


The TL530 and TL531 provide direct interface to a microprocessor-based system. Control of the TL530 
and TL531 is handled via the 8-line TTL-compatible 3-state data bus, the three control inputs (Read/Write, 
Register Select, and Chip Select), and the Clock input. Each device contains three 16-bit internal registers. 
These registers are the control register, the analog conversion data register, and the digital data register. 


A high level at the Read/Write input and a low level at the Chip Select input set the device to output data 
on the 8-line data bus for the processor to read. A low level at the Read/Write input and a low level at 
the Chip Select input set the device to receive instructions into the internal control register on the 8-line 
data bus from the processor. When the device is in the read mode and the Register Select input is low, 
the processor will read the the data contained in the analog conversion data register. However, when the 
Register Select input is high, the processor reads the data contained in the digital data register. 


The control register is a write-only register into which the microprocessor writes command instructions 
for the device to start A/D conversion and to select the analog channel to be converted, to select the output 
logic levels and the direction (input or output) of the 3-bit digital I/O port, and to set interrupt enable for 
the Interrupt Request output. The analog conversion data register is a read-only register that contains the 
current converter status and most recent conversion results. The digital data register is also a read-only 
register that holds the 3-bit I/O port status and digital input logic levels from the six multipurpose and the 
three digital inputs. 


Internally each device contains a byte pointer that selects the appropriate byte during two cycles of the 
Clock input in a normal 16-bit microprocessor instruction. The internal pointer will automatically point to 
the most-significant (MS) byte after the first complete clock cycle any time that the Chip Select is at the 
O 
high level for at least one clock cycle. This causes the device to treat the next signal on the 8-line data 
5J, 
bus asthe MS byte. Alow level at the Chip Select input activates the inputs and outputs and an internal 
03 
function decoder. However, no data is transferred until the Clock goes high. The internal byte pointer first 
^ 
points to the MS byte of the selected register during the first clock cycle. After the first clock cycle in 
O 
which the MS byte is accessed, the internal pointer switches to the LS byte and remains there for as long 
•Q 
as Chip Select is low. The MS byte of any register may be accessed by either an 8-bit or a 16-bit 
—. 
microprocessor instruction; however, the LS byte may only be accessed by a 16-bit microprocessor 


—. 
instruction. 
t+ 
O 
Normally, a two-byte word is written into or read from the controlling processor, but a single byte can 
3 
be read by the processor by propermanipulation of the ChipSelect input. Thiscan be used to read conversion 
status from the analog conversion data register or the digital multipurpose input levels from the digital 
data register. The format and content of each two-byte word is shown in Figures 1 through 3. 


A conversion cycle is started after a two-byte instruction is written into the control register and the start 
conversion (SC) bit is a logic high. This two-byte instruction also selects the input analog channel, configures 
the 3-bit digital I/O pins, and sets the interrupt enable bit. The status (EOC) bit in the analog conversion 
data register is reset and remains reset until the conversion is completed, at that time the status bit is 
then set again. After conversion, the results are loaded into the analog conversion data register. These 
results remain in the analog conversion data register until the next conversion cylce is completed. If the 
interrupt enable bit is set to a logic high level in the control register, the Interrupt Request (IRQ) output 
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TYPES TL530, TL531 
CMOS 8-BIT ANALOG-TO-DIGITAL PERIPHERALS WITH 
ADDITIONAL DIGITAL INPUT/OUTPUT CAPABILITY 


functional description (continued) 


will go low after the next conversion cycle is completed. If a new conversion command is entered into 
the control register while the conversion cycle is in progress, the on-going conversion will be aborted and 
a new channel acquisition cycle will immediately begin. 


The Reset input allows the device to be externally forced to a known state. When a low level is applied 
to the Reset input for a minimum of three clock periods, the start conversion, interrupt enable, and the 
I/O port data direction bits of the control register are cleared. The A/D converter is then idled and all the 
outputs including the 3-bit I/O digital port are placed in the high-impedance off-state. However, the content 
of the analog conversion data register is not affected by the Reset input going to a low level. 


functional block diagram 


DIGITAL I/O PORTS 
I/OD1 - 
I/OD3- 


DIGITALINPUTS- 


(D1 
- 
D3) 


ANALOG/DIGITAL 


INPUTS • 
(A10/D1 - A15/D6) 


EXTERNAL ANALOG 
INPUTS - 
(AO. A2 - 
A9) 


REF» 


REF- 


-*-C 


-> 


DATA 


BUS 
DRIVERS 


AND 


-*?**- 


M^c 
CONTROL 


> 


-Vfr- 


DIGITAL 
DATA 


REGISTER 
(READONLY) 


I/O PORT DATA 
3 
4—^ 
I/O PORT DATA DIRECTION 


ANALOG MUX ADDRESS 


X-: 


6 


ANALOG MUX 


ADDRESS 


<**> 
16-CHANNEL 


MUX ANALOG 
SWITCHES 


DAC 


LADDER 


CONTROL 
REGISTER 
(WRITE ONLY) 


CONTROL 


AND 


TIMING 1 


SUCCESSIVE 


APPROXIMATION 
REGISTER 
(SAR) 


SWITCH 


TREE 


ANALOG 


CONVERSION 
DATA 


REGISTER 
(READ ONLY) 


MUX 
"OUTPUT! 


'Loading o(tho MUX output affects thechanging times o(theDAC; itisrecommended that no connection bemade tothis pin. 
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8 TJt 
3 C\ 


uopismbov e*BQ 


Hl-Z 1_J Hl-Z LJ Hl-Z |_| Hl-Z 
STATE*STATE 4 STATE f STATE| 
SEE NOTE C | 
SEE NOTE C 


SEE NOTE A 
SEE NOTE B 
SEE NOTE D 
SEE NOTE F 


NOTES: 
A. This is a 16-bit input instruction Irom tho microprocessor being sent to the control data register. 
B. This Is the 2-byto (16-bit) content ol Ihe digital data register being sont to the microprocessor. 
C. This is the LS byte 18-bit) content ol the analog conversion data rogistor being sont to the microprocessor. 
D. This is the LS bvto (8-bit) content ol the digital data register being sent to the microprocessor. 
E. These are 8-bit or 16-bit output data (rom either tho analog conversion data register or the digital data register being sent to the microprocessor. 
F. This is the 2-byto (16-bit) content ol the analog conversion data register being sont to the microprocessor. 
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TYPES TL530, TL531 
CMOS 8-BIT ANALOG-TO-DIGITAL PERIPHERALS WITH 
ADDITIONAL DIGITAL INPUT/OUTPUT CAPABILITY 


DATA BUS 
LINES 
2-1 
2-2 
2-3 
2-4 
2-5 
2~6 
2~7 
2"' 


X 


(MSB) 


IE 
X 
X 
X 
X 
X 
sc 


ILS3I 


T-SIGNIFICANT 


2-1 
2-2 
2-3 
2-4 
2"5 
2"6 
2~1 
2-8 


DD 


(MSBI 


I/O 
03 


I/O 


D2 


I/O 


Dl 


A3 
A2 
AI 
AO 


(LSB) 


T-SIGNIFICANT 


Interrupt Enable (IE)- Theinterrupt enable bit.when sottoa logical 1 (high level), allows thoIRQ pin to boactivated at thecompletion ofthenextanalog-to- 
digital conversion. 
Unused Bits (XI - The MS byte bits 2" ' through 2" 7 and LS byte bits 2- 1through 2" 4 o(thecontrol register aronotused internally. 
Start Conversion (SCI- When theSC bit In theMS byte issettoa logical 1(high level), analog-to-digital conversion onthespecified analog channel will 
begin immediately aftor the completion of the control register write. 
I/OPortDataDirection (DD)- The MSB of the LSbyte is the data direction bit forthe 3-bitI/O port.A logical 1 configures the portas the output while a 
logical 0 configures the port as an input. 
Digital I/OOutput(I/0D1-I/0D3)- Whenthe microcompressor configuros the 3-bitI/Oport as an output,these are the bit locations intowhichthe output 
states are written.A logical 1 written by the microprocosssor will cause the output to be high,whilo a logical 0 will cause the output to be low. 
Analog Multiplex Addross (A0-A31- These four address bitsaredocodod by thoanalog multiplexor andusedto soloct thoappropriate analog channol as 
shown bolow: 


Hexadecimal Address (A3 • 
MSB) 
Channel Select 


0 
AO 


1 
REF+ (AD 


2-9 
A2-A9 


A-F 
A10-A15 


FIGURE 1-C0NTR0L REGISTER TWO-BYTE WRITE WORD FORMAT AND CONTENT 


DATA BUS 
LINES 
2-1 
2-2 
2-3 
2-4 
2~5 
2~6 
2~? 
2-8 
2~1 
2~2 
2~3 
2L4 
2-5 
2~6 
2~? 
2"8 


EOC 


IMSB) 


-MOST-SIGNIFICANT BYTE- 


8-BIT READ 


0 


ILSB) 


R7 


(MSBI 


R6 
R5 
R4 
R3 
R2 
Rl 
RO 


(LSBI 


>T-SIGNIFICANT BYTE 


A/DStatus (EOC)- ThoA/Dstatusend-of-converesion (EOC) bitis set whoneveran analog-to-digital conversionissuccessfullycompleted byIheA/Dconverter. 
The status bit is cleared by a 16-bit writo from the microprocessor to tho control register. The remaindor of Iho bits in tho MS byte of tho analog conversion 
data aro olways reset lo logical 0 lo simplify microprocessor interrogation of the A/D converter status. 
A/DResult IR0-R7)- Tho LSbyte of tho analog conversiondata registerconteins tho result of the analog-to-digital conversion. Result bit R7is the MSB and 
the converter follows the standard convention of assigning a code of all ones (1111111II to a full-scale analog voltago. There are no special overflow or 
underflow indications. 


FIGURE 2-ANALOG CONVERSION DATA REGISTER ONE-BYTE OR TWO-BYTE READ WORD FORMAT AND CONTENT 


DATA BUS 
LINES 
2-' 
2-2 
2-3 
2-5 
26 
2-7 
2-8 
2~1 
2~2 
2-5 
2-6 
2-7 
2-8 


A15 
A14 
A13 
A12 
All 
A10 


/D6 
/D5 
/D4 
/D3 
/D2 
/D1 


(MSB) 


•MOST-SIGNIFICANT BYTE- 


AI 


(MSBI 


AO 
D3 
D2 
Dl 
I/O 


D3 


I/O 


D2 


I/O 


Dl 


(LSBI 


>T-SIGNIFICANT BYTE- 


Shared Digital Port (A10/D1•A15/06) - Tho voltage present on these pins is interpreted as a digitalsignal and the cc 
bits. A digitalvalue willbe given for each pineven if some or all of these pins aro being used as analog inputs. 
Analog Multiplexer Addross (A0-A3I- Tho address of the selected analog channel presontly addressed is givon by theso bits. 
Oigital Inputs (D1-D3I- The states of tho three digital inputs are road from these bits. 
Digital I/O Port(I/0D1-I/0D3) - Thestates of thothreedigital I/Opinsaroroadfrom thesebitsregardless of whetherthe portisconfigured as inputoroutput. 


FIGURE 3-DIGITAL DATA REGISTER ONE-BYTE AND TWO-BYTE READ WORD FORMAT AND CONTENT 


spondmg states arc road from those 
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TYPES TL530, TL531 
CMOS 8-BIT ANALOG-TO-DIGITAL PERIPHERALS WITH 
ADDITIONAL DIGITAL INPUT/OUTPUT CAPABILITY 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc (see Note 1) 
-°-3 v t0 6-5 v 
Input voltage range: Positive reference voltage 
Vref- to VqC + °-3 v 
Negative reference voltage 
-0.3 V to Vref + 
All other inputs 
-0.3 V to VCC + 0.3 V 
Input current, l| (any input) 
±'® mA 
Total input current (all inputs) 
*20 mA 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2) 
1250 mW 
Storage temperature range 
-65°C to 150°C 
Operating free-air temperature range 
-40°C to 85°C 
Lead temperature 1,6 mm (1/16 inch) from casefor 10 seconds 
260°C 


NOTES: 1. All voltage values are with respect to network ground terminal. 
2. Foroperation abovo 25°C free-air temperature, refer to Dissipation Derating Curves. Section 2. 


recommended operating conditions 


TL530 
TL531 
UNIT 
MIN 
NOM 
MAX 
MIN 
NOM 
MAX 


Supply voltage, Vcc 
4.75 
5 
5.5 
4.75 
5 
5.5 
V 


Positive reference voltage, Vref* 'see Note 31 
4.6 
vcc 
4.6 
VCC 
V 


Negative reference voltage, Vref_ (see Note 3) 
0 
0.1 
0 
0.1 
V 


Average voltage across ladder 
VCC"0.2 
VCC 
vCC + 0.2 
Vcc-0-2 
vcc 
VCC -0.2 
V 


High-level input 
voltage, Vm 
Clock input 
VCC-0.8 
VCC-0-8 
V 
All other digital inputs 
2 
2 


Low-level input 
voltage. V||_ 
Any digital input 
0.8 
0.8 
V 


Clock frequency. <CLK 
0.1 
1.048 
0.1 
1.048 


Clock period, 1/fCLK 
943 
943 
ns 


CS setup time, tsu(CS) 
100 
100 
ns 


Address (R/W and RSI setup time. tsu(A) 
145 
145 
ns 


Data bus input setup time. tSu(bus) 
185 
185 
ns 


Control (R/W. RS, and CS) hold time. th(C| 
20 
20 
ns 


Data bus input hold time, tn(busl 
20 
25 
ns 


Pulse duration of control inputs during read cycle, tw(C) 
575 
575 
ns 


Pulse duration, reset low. twL(resetl 
3 
3 
Clock 


Cycles 


Pulse duration of clock high, twH(CLK) 
440 
440 
ns 


Pulse duration of clock low, twL(CLK) 
410 
410 
ns 


Clock rise time, tr(CLKI 
25 
25 
ns 


Clock fall time, tf(CLK) 
30 
30 
ns 


Operating free-air temperature, Ta 
-40 
85 
-40 
85 
°C 


NOTE 3: 
Analoginput voltages greater than or equal to that appliedto the REF -. terminalconvert to all 
or less than that applied to the REF- terminal convert to all zeros (00000000). 


ones (111111111. while input voltagos equal to 
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TYPE TL530 
CMOS 8-BIT ANALOG-TO-DIGITAL PERIPHERAL WITH 
ADDITIONAL DIGITAL INPUT/OUTPUT CAPABILITY 


electrical characteristics overrecommended rangesofVcC- VREF +. and operating free-air temperature, 
VREF- 
= 0, fcLK = 1.048 MHz (unless otherwise noted) 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP' 
MAX 
UNIT 
High-level 
V0H 
output voltage 


I/O Digital pins 3. 4. and 5 
lOH 
" 
- 190 j<A 
VCc "0-4 
V 
I/O Data Bus 
lrjH " 
- 1-6 mA 
2.4 


Low-level 
V0L 
output voltage 


I/O Digital pins 3, 4, and 5 
lOL " 975 pA 
0.4 
V 
IRQ and I/O Data Bus 
Iql = 1-6 mA 
0.4 
High-level 
>IH 
input current 


Any control input 
V|H - 
5.5 V 
1 
;<A 
Any other digital input 
10 
Low-level 


input current 


Any control input 
V|L = 0 
-1 
/-A 
Any other digital input 
-10 
High-level 
'OH 
output current 
IRQ output 
VOH - VCC • 
4-75 V 
10 
/'A 


. 
Off-state (high-impedance-state) 
'oz 
output current 
Vo 
• vcc 
10 
pA 
v0 = o 
- 10 
l| 
Analog input current (see Note 4) 
V, = 0 to VCc 
±500 
nA 
Leakage current between selected channel 


and all other analog channels 
V| = 0 to VCc. 


Clock input at 0 V 
±400 
nA 


'i(on) 
Analog channel input on-state resistance 
5 
kQ 
Ladder resistance (REF+ to REF-) 
1 
5 
10 
kli 


Cj 
Input capacitance 
Digital pins 9 thru 16 
7 
30 
pF 
Any other input pin 
5 
15 


'CC + lREF+ 
Supply current plus reference current 
VCC • 
VREF+ 
= 5.5 V. 
Outputs open 
3 
16 
mA 


ICC 
Supply current 
Vcc " 
5-5 v 
2 
10 
mA 


'Typical values areat Vcc " 5 V.Tf, = 25°C. 
NOTE4: 
Analog input current is an average of the curront flowing into 
elected analog channel input during ono full conver: 
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TYPE TL530 
CMOS 8-BIT ANALOG-TO-DIGITAL PERIPHERAL WITH 
ADDITIONAL DIGITAL INPUT/OUTPUT CAPABILITY 


operating characteristics overrecommended ranges ofVcC- VREF +-andoperating free-air temperature, 
Vref- at ground, fCLK = 1-048 MHz (unless otherwise noted) 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP' 
MAX 
UNIT 


Linearity error 
See Note 5 
r0.5 
LSB 


See Note 6 
±0.5 
LSB 


Full-scale error 
See Note 6 
±0.5 
LSB 


Total unadjusted error 
See Note 7 
:0.5 
LSB 


Absolute accuracy error 
See Note 8 
= 1 
LSB 


Conversion time (including 
conv 
channel acquisition time! 
290 
Clock 


Cycles 


'acq 
Channel acquisition time 
30 
Clock 


Cycles 


ten 
Data output enable time (see Note 9) 
RL = 3 k!i. CL = 50 pF. 
335 
ns 


tdjs 
Data output disable time 
RL - 3 kfl. CL - 50 pF 
10 
ns 


Data bus output 
'r(bus) 
rise time 


High-impedance to high-level 
RL = 3 kll, CL = 50 pF 
150 
ns 
Low to high-level 
300 


Digital I/O 
r"'u' 
outputrisetime 


High-impedance to high-level 
0.5 
pS 
Low to high-level 
1 


Data bus output 
'f(bus) 
. „ . 
fall time 


High-impedance to low-level 
RL = 3 kfl. Cl = 50 pF 
150 
ns 
High to low-level 
300 


Digital I/O 
,"l/0' 
output fall time 


High-impedance to low-level 
0.5 
pS 
High to low-level 
1 


IRQ output 
"<IRQl 
fall time 


High-impedance or high-level 


to low-level 
0.5 
ps 


'Typical values aro at Vcc " 
*> V. T^ = 25°C. 
NOTES: 5. Linearity error is the deviation from tho best straight line through the A/D transfer characteristics. 
6. Zero orrorIs the difference between the output of an idealand an actual A/Dfor zero input voltage; full-scaleerror is that same difforencofor 


full-scale input voltago. 
7. 
Total unadjusted error is the sum of linearity, zero, and full-scale errors. 
8. Absolute accuracyerroris the maximum difference betweenan analog valueand the nominal midstepvaluewithin any stop. Thisincludesall 
errors including inherent quantization error, which is the ±0.5 LSB uncertainty caused by the AyD converters finite resolution. 
9. II chip-select sotup time. tsu(csV islass,han0-14microseconds, theeffective dataoutput enable time. ten.may extend such that tsu(CS) 
+ ten is oqualto a maximumof 0.475 microseconds. 
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TYPE TL531 
CMOS 8-BIT ANALOG-TO-DIGITAL PERIPHERAL WITH 
ADDITIONAL DIGITAL INPUT/OUTPUT CAPABILITY 


electrical characteristics over recommended ranges of Vcc< VREF+ - and operating free-air temperature, 
VreF- 
= 0, fCLK - 
1-048 MHz (unless otherwise noted) 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP' 
MAX 
UNIT 


High-level 
Vqh 
output voltage 


I/O Digital pins 3, 4, and 5 
l0H = -190 
A 
VCC -0-4 
V 
I/O Data Bus 
Iqh = -1.6 mA 
2.4 


Low-level 
Vol 
output voltage 


I/O Digital pins 3, 4, and 5 
IOL - 975 i,A 
0.4 
V 
IRQ and I/O Data Bus 
Iql = 1.6 mA 
0.4 


High-level 
l)H 
input current 


Any control input 
V|H = 5.5 V 
1 
pA 
Any other digital input 
10 


Low-level 
'IL 
input current 


Any control input 
V|L = 0 
-1 
pA 
Any other digital input 
-10 


High-level 
'OH 
output current 
IRQ output 
VOH - VCC = 4.75 V 
10 
pA 


Off-state (high-impedance-state) 
'oz 
output current 
v0 = vcc 
10 
,.A 
V0 = 0 
-10 


l| 
Analog input current (see Note 4) 
V| = 0 to Vcc 
±700 
nA 


Leakage current between selected channel 


and all other analog channels 
V| = 0 to vCc. 
Clock input at 0 V 
±500 
nA 


rj(0n) 
Analog channel input on-state resistance 
5 
kl! 


Ladder resistance (REF + to REF - ) 
1 
5 
10 
kfl 


Cj 
Input capacitance 
Digital pins 9 thru 16 
7 
30 
pF 
Any other input pins 
5 
15 


'CC +'REF+ 
Supply current plus reference current 
VCC = Vref- 
- 5.5 V. 
Outputs open 
3 
16 
mA 


Ice 
Supply current 
VCC 
=•• 
5-5 V 
2 
10 
mA 


'Typicalvaluesaro at Vcc = 5 V.T/j = 25°C. 
NOTE 4: 
Analog input current Is an average of the current flov 
selected analog channel input during one full conversion cycle. 
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TYPE TL531 
CMOS 8-BIT ANALOG-TO-DIGITAL PERIPHERAL WITH 
ADDITIONAL DIGITAL INPUT/OUTPUT CAPABILITY 


operating characteristics over recommended operating free-air temperature range, Vref+ = VCC- 
VREF- at ground, fCLK 
= 2 MHz (unless otherwise noted) 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP1 
MAX 
UNIT 


Linearity error 
See Note 5 
• 0.5 
LSB 


Zero error 
See Note 6 
±0.25 
LSB 


Full-scale error 
See Note 6 
±0.25 
LSB 


Total unadjusted error 
See Note 7 
TA = 25°C 
r0.5 
LSB 
TA = -40°C to 85 °C 
1 1 


Absolute accuracy error 
See Note 8 
±1.5 
LSB 


Conversion time (including 


channel acquisition time) 
290 
Clock 


Cycles 


'acq 
Channel acquisition time 
30 
Clock 


Cycles 
ton 
Data output enable time (see Note 9) 
RL = 3 kl}. CL 
50 pF 
335 
ns 
'dis 
Data output disable time 
RL 
3 ki!. CL = 50 pF 
10 
ns 


Data bus output 
'r(bus) 
rise time 


High-impedance to high-level 
RL = 3 kt). CL = 50 pF 
150 
ns 
Low to high-level 
300 
Digital I/O 


output rise time 


High-impedance to high-level 
0.5 
ps 
Low to high-level 
1 
., 
Data bus output 
'f(bus) 
, „ . 
fall time 


High-impedance to low-level 
R|_ • 
3 kfl. CL = 50 pF 
150 
ns 
High to low-level 
300 


Digital I/O 
tf(l/01 
output fall time 


High-impedance to low-level 
0.5 
pS 
High to low-level 
1 


IRQ output 
'f(IRQ) 
, „ ,- 
fall time 


High-impedance or high-level 


to low-level 
0.5 
ps 


NOTES: 
5. 
Linearity error is tho deviation from the best straight line through the A/D transfer characteristics. 
6. Zero orror is the difference between the output of an ideal and an actual A/D for zero input voltago: full-scali 
full-scale input voltage. 
7. 
Total unadjusted orror is the sum of linearity, zero, and full-scale errors. 
8. 
Absolute accuracy orror is the maximum difference between an analog value and the nominal midstep value 
errors including inhoront quantization orror. which is the -0.5 LSB uncertainty caused by tho A/D convene 
9. Ifchip-select setup time.tsu|CS).'=^ss than 0.14 microseconds, the effective data outputonabletime. ten. may extend such that tsu(cs) 
+ tnn is equal to a maximum of 0.475 microseconds. 


is that same difference for 


thin any stop. This includes all 


finite resolution. 
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TYPES TL532, TL533 
CMOS 8-BIT ANALOG-TO-DIGITAL PERIPHERALS WITH 
ADDITIONAL DIGITAL INPUT/OUTPUT CAPABILITY 
D2818. OCTOBER 1983 


8-Bit Resolution 


Total Unadjusted Error . . . ±0.5 LSB Max for 
TL532 and ± 1 LSB Max for TL533 


Access Plus Conversion Time . . . 300 /is (290 
Clock Cycles) 


• 
Ratiometric Conversion 


• 
3-State, Bidirectional I/O Data Bus 


• 
5 Analog and 6 Multipurpose Inputs 


• 
On-Chip 12-Channel Analog Multiplexer 


• 
Three On-Chip 16-Bit Data Registers 


• 
Software Compatible with Larger TL530 and 
TL531 (21-Input Versions) 


• 
Single 5-V Supply Operation 


• 
Low Power Consumption ... 15 mW Typ 


• 
Pin-for-Pin Compatible and Functionally 
Compatible with Motorola MC14442 


• 
Direct Replacement for National Semiconductor 
ADC0829 


description 


The TL532 and TL533 are monolithic CMOS 
peripheral integrated circuits each designed to 
interface 
a 
microprocessor 
for 
analog 
data 
acquisition. 
These 
devices 
are 
complete 
peripheral data acquisition systems on a single 
chip that can convert analog signals to digital 
data from up to 11 external analog terminals. 
Each device features operation from a single 
5-volt supply. Each contains a 12-channel analog 
multiplexer, an 8-bit ratiometric analog-to-digital 
(A/D) converter, three 16-bit registers, and microprocessor-compatible control logic circuitry. Additional 
features include a built-in self-test, six multipurpose (analog or digital) inputs, five external analog inputs, 
and an 8-pin input/output (I/O) data port. The three on-chip data registers store the control data, the 
conversion results, and the input digital data that can be accessed via the microprocessor data bus in two 
8-bit bytes (most-significant byte first). In this manner, a microprocessor can access up to 11 external 
analog inputs or 6 digital signals and the positive reference voltage that may be used for self-test. 


The A/D conversion uses the successive-approximation technique employing a high-impedance chopper- 
stabilized comparator, a 256R end-compensated voltage divider with analog switch tree, and a successive- 
approximation register (SAR). This method eliminates the possibility of missing codes, nonmonotonicity, 
and a need for zero or full-scale adjustment. Positive and negative reference voltage inputs make possible 
ratiometric conversion and reference isolation from supply noises. 


The TL532I and TL533I are characterized for operation from -40°C to 85°C. 


N DUAL-IN-LINE PACKAGE 


(TOP VIEW) 


REF- £ 
GND £ 
(MSB) £ 
2-2 C 
2-3C 
2-4 £ 
2-5C 
2-6C 
2-7£ 
LSB) £ 


U28 


27 


26 


25 


24 


23 


22 


21 


20 


19 


3 REF 
3 vcc 
3 AO 
ill LANAL0G 
DA4 fINPUTS 
I|A5 J 
] A10/D1 
] A11/D2 
1 A12/D3 
3 A13/D4 
2 A14/D5 
2 A15/D6_ 
2 RESET (R 


(All 


2-1 


I i 


I/O 
DATA<J 


BUS 


2-8 


READ/WRITE (R/WI £ 11 
CLOCK (CLK) £ 12 
REGISTER SELECT (RS) £ 13 
CHIP SELECT (CS) £ 14 


FUNCTION TABLE 


ANALOG/ 


DIGITAL 


INPUTS 


ADDRESS/CONTROL 
DESCRIPTION 
R/W 
RS 
CS 
R 
CLK 


X 
X 
X 
L' 
Reset 


L 
H 
L 
H 
» 
Write bus data to control 


register 


H 
L 
L 
H 
1 
Read data from analog 


conversion register 


H 
H 
L 
H 
t 
Read data from digital 
data register 


X 
X 
H 
H 
X 
No response 


H 
High-level. L = Low-level, X = Irrelevant. 
4 = High-to-low transition, t - 
Low-to-high transition 
'For proper operation. Reset must be low for ai least throe clock cycles. 
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TYPES TL532, TL533 
CMOS 8-BIT ANALOG-TO-DIGITAL PERIPHERALS WITH 
ADDITIONAL DIGITAL INPUT/OUTPUT CAPABILITY 


functional description 


The TL532 and TL533 provide direct interface to a microprocessor-based system. Control of the TL532 
and TL533 is handled via the 8-line TTL-compatible 3-state data bus, the three control inputs (Read/Write, 
Register Select, and Chip Select), and the Clock input. Each device contains three 16-bit internal registers. 
These registers are the control register, the analog conversion data register, and the digital data register. 


A high level at the Read/Write input and a low level at the Chip Select input set the device to output data 
on the 8-line data bus for the processor to read. A low level at the Read/Write input and a low level at 
the Chip Select input set the device to receive instructions into the internal control register on the 8-line 
data bus from the processor. When the device is in the read mode and the Register Select input is low, 
the processor will read the data contained in the analog conversion data register. However, when the 
Register Select input is high, the processor reads the data contained in the digital data register. 


The control register is a write-only register into which the microprocessor writes command instructions 
for the device to start A/D conversion and to select the analog channel to be converted. The analog 
conversion data register is a read-only register that contains the current converter status and most recent 
conversion results. The digital data register is also a read-only register that holds the digital input logic 
levels from the six multipurpose inputs. 


Internally each device contains a byte pointer that selects the appropriate byte during two cycles of the 
Clock input in a normal 16-bit microprocessor instruction. The internal pointer will automatically point to 
the most-significant (MS) byte after the first complete clock cycle any time that the Chip Select is at the 
high level for at least one clock cycle. This causes the device to treat the next signal on the 8-line data 
bus as the MS byte. A low level at the Chip Select input activates the inputs and outputs and an internal 
function decoder. However, no data is transferred until the Clock goes high. The internal byte pointer first 
points to the MS byte of the selected register during the first clock cycle. After the first clock cycle in 
which the MS byte is accessed, the internal pointer switches to the LS byte and remains there for as long 
as Chip Select is low. The MS byte of any register may be accessed by either an 8-bit or a 16-bit 
microprocessor instruction; however, the LS byte may only be accessed by a 16-bit microprocessor 
instruction. 


Normally, a two-byte word is written into or read from the controlling processor, but a single byte can 
be read by the processor by proper manipulation of the Chip Select input. This can be used to read conversion 
status from the analog conversion data register or the digital multipurpose input levels from the digital 
O 
data register. The format and content of each two-byte word is shown in Figures 1 through 3. 
03 
£*• 
Aconversion cycle isstartedaftera two-byte instruction is written into the control register andthe start 
conversion (SO bit is a logic high. This two-byte instruction also selects the input analog channel to be 
^ 
converted. The status (EOC) bitin the analog conversion dataregister isresetandremains reset until the 
9 
conversion is completed, at that time the status bit is then set again. After conversion, the results are 
C 
loaded into the analog conversion data register. These results remain in the analog conversion data register 
J/5" 
until the next conversion cylce is completed. If a new conversion command is entered into the control 
37^ 
register while the conversion cycle isinprogress, theon-going conversion will beaborted anda newchannel 
O 
acquisition cycle will immediately begin. 
3 


7-i 


The Reset input allows the device to be externally forced to a known state. When a low level is applied 
to the Reset input for a minimum of three clock periods, the start conversion bit of the control register 
is cleared. The A/D converter is then idled and all the outputs are placed in the high-impedance off-state. 
However, the content of the analog conversion data register is not affected by the Reset input going to 


a low level. 
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functional block diagram 


DATA BUS 
8 
,2-8-2-1) 
4-/- 


R/V\l 


CS 


RS 


R 


CLOCK 


ANALOG/DIGITAL 


INPUTS 
(A10/D1 - A15/D6I 


EXTERNAL ANALOG 
INPUTS 
(AO. A2-A5I 


REF + 


REF- 


-£+- 


A1 


TYPES TL532, TL533 
CMOS 8-BIT ANALOG-TO-DIGITAL PERIPHERALS WITH 
ADDITIONAL DIGITAL INPUT/OUTPUT CAPABILITY 


DATA 


BUS 
CONTROL 


LOGIC 


DIGITAL DATA 


REGISTER 
(READONLY) 


CONTROL 


REGISTER 
(WRITE ONLY) 


ANALOG MUX 1 a 


ADDRESS 


HTbIT A/D 


12-CHANNEL 
MULTIPLEXER 


ANALOG 


SWITCHES 


CONTROL 


AND 


TIMING 


ANALOG 
CONVERSION 
REGISTER 
(READONLY) 
**+ 


COMPARATOR 
SUCCESSIVE 


APPROXIMATION 


REGISTER 
(SAR) 


L 


SWITCH 


TREE 


DAC 


LADDER 


J 
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lis* 


II 


DATA 


BUS 


uoinsmbov b;bq 


BYTE 
BYTE 
Hl-Z STATE 
I Hl-Z 


STATE 
L^IJ SEE NOTEC 
| 
SEE NOT! 


SEE NOTES 
SEE NOTE O 


Hl-Z|_| HIZ |_| Hl-Z LJ Hl-Z 
STATE 
STATE 
(STATE) 
STATE 
SEE NOTE E M 
U 
S 
SEE NOTE F 


NOTES: A. This is a 16-bit input instruction from the microprocessor being sontto thecontrol data register. 
B. This is the 2-byte (16-bit) contentof tho digital data registerbeingsont to tho microprocessor. 
C. This is tho LS byte(8-bitl content ofthoanalog conversion data register being sentto the microprocessor. 
D. This is Iho LS byte (8-bit) content of tho digital data registerbeingsont to tho microprocotsor. 
E. Those aro 8-bit or16-bit output dola from either theanalog conversion data register ortho digital data register boing sont totho microprocessor 
F. This isiho2-byte (16-bitl content ol thoanalog conversion datamgister boing sont to thomicroprocessor. 


HI Z L_J Hl-Z 


> 
O 
—I 
°2 •< 


ZJ°°eo 
O 
CO _, 


P— -1 CO 


Hi-oi 


r— CT CO 


rJCT 


-o _ 
-•s 


Is 
r- r~ 


TYPES TL532, TL533 
CMOS 8-BIT ANALOG-TO-DIGITAL PERIPHERALS WITH 
ADDITIONAL DIGITAL INPUT/OUTPUT CAPABILITY 


DATA BUS 


LINES 
2 
22 
23 
24 
25 
2-6 
2-7 
2 8 
2 1 
2 2 
2 3 
2 4 
2 5 
2 6 
2 ? 
2 8 


X 


(MSB) 


X 
X 
X 
X 
X 
X 
SC 


ILSBI 


T SIGNIFICANT BYTE - 


- 
16-B 


X 


IMSBI 


• LEAST SIGNIFICANT BYTE - 


AO 


(LSBI 


Unused Bits (XI- The MS byte bits 2~' through 2~7 and LS byte bits 2" ' through 2"4 of the control register aro not used inlornally. 
Stan Conversion (SCI- When the SCbitinthe MS byteisset to a logical 1 (high level), analog-io-digital conversion of the specified analog channel 
will begin immediatelyaftor tho complotionof the control register write. 
Analog Multliplex Address (AO-A3I- Theso four address bits are decoded by tho analog multiploxer and usod toselect Ihe appropnato analog channel as 


Hexadecimal Address (A3 


0 


1 


2-5 


6-9 (not used) 


A-F 


MSBI 
Channel Select 


AO 


REF* (AD 


A2-A5 


A10 A15 


FIGURE 1-CONTROL REGISTERTWO-BYTE WRITEWORDFORMATAND CONTENT 


DATA BUS 
LINES 2~1 
2 
5 
2-6 
2-7 


EOC 


IMSB) 


0 
0 
0 
I 
0 
0 
0 
0 


(LSBI 


T SIGNIFICANT BYTE - 


2-1 
2-2 
2 
3 
2 
* 
2 
5 
2 
6 
2 
7 
2 
8 


R7 


IMSB) 


R6 
R5 
R4 
R3 
R2 
Rl 
RO 


(LSBI 


READ 
•> 


AID Status (EOC)- The AVD status end-of-conversion (EOC) bit isset whenever an analog-to-digital conversion is successfully completed by the AID converter. 
Tho status bit iscleared by a 16-bit write from the microprocessor Io tho control register. The remainder oftho bits in Iho MS byto ofthe analog conversion 
data register arealways reset to logical 0 tosimplify microprocessor interrogation oftheA/D converter status. 
A/D Result (R0-R71- The LS byte of the analog conversion data register contains Ihe result of the analog-to-d,gital conversion. Result bit R7 ,sthe MSB and 
Ihe convener follows the standard convention of assigning acodo of all ones .111111 UI to afull-scale analog voltago. There aro no speoal overflow 


or underflow indications. 
FIGURE 2-ANALOG CONVERSION DATA REGISTER ONE-BYTE AND TWO-BYTE READ WORD FORMAT AND CONTENT 


DATA BUS 


LINES 
2 
2-5 
1 
2 
2 


Air) 


06 


(MSB) 


A14 


D5 


A13 


D4 


A12 


D3 


A1 1 


D2 


A10 


Dl 


A3 
A2 


(LSB) 


READ- 


4 
— 16B 


2 
7 
2 
2-1 


AI 
AO 
X 
X 
X 
X 
X 
X 


IMSBI 
(LSB) 


« 
— LEAST-SIGNIFICANT BYTE 
• 


READ 
• 


Shared Digital Port (A10/D1 A15D6I - Thevoltage present onthosepins isinterpreted as adigital signal andIhecorresponding stalesi 
bus. A digital value willbe given for each pin even if some or all of these pins are being used as analog inputs. 
Analog Multiplexer Address (AO A3)- The address ofthoselected onalog channel presently addressed isgiven bytheso bus. 
of the digital daia register ar 
Unused Bits (XI 
LS byte bits 2 


FIGURE 3-DIGITAL DATAREGISTER ONE-BYTE AND TWO-BYTE READ WORD FORMAT ANDCONTENT 
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TYPES TL532, TL533 
CMOS 8-BIT ANALOG-TO-DIGITAL PERIPHERALS WITH 
ADDITIONAL DIGITAL INPUT/OUTPUT CAPABILITY 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc (see Note 1) 
- 0.3 V to 6.5 V 
Input voltage range: Positive reference voltage 
Vrep_ to Vcc + 0-3 V 
Negative reference voltage 
-0.3 V to Vref + 
All other inputs 
-0.3 V to Vcc + 0.3 V 
Input current, l| (any input) 
±10 mA 
Total input current, (all inputs) 
±20 mA 
Continuous total dissipation at (or below) 25 °C free-air temperature (see Note 2) 
1250 mW 
Storage temperature range 
-65°C to 150°C 
Operating free-air temperature range 
-40°C to 85 °C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 
260°C 


NOTES: 1. 
All voltage values are with rospect to network ground terminal. 
2. 
For operation above 25°C free-air temperature, refer to Dissipation Derating Curvos in Section 2. 


recommended operating conditions 


TL532 
TL533 
UNIT 
MIN 
NOM 
MAX 
MIN 
NOM 
MAX 
Supply voltage. Vqq 
4.75 
5 
5.5 
4.75 
5 
5.5 
V 
Positive reference voltage, VRgp + (see Note 3) 
4.6 
vcc 
4.6 
vcc 
V 


Average voltage across ladder 
VCC-0-2 
vCc 
VCC-0-2 
VCC -0-2 
vcc 
Vcc* °2 
V 
High-level input 
voltago. V|h 


Clock input 
VCC-0.8 
VCC-0-8 
V 
All other digital inputs 
2 
2 
Low-level input 
voltage. V||_ 
Any digital input 
0.8 
0.8 
V 


Clock frequency. fcLK 
0.1 
1.048 
0.1 
1.048 
MHz 
Clock period, l/ffJLK 
943 
943 
ns 
CS setup time. tsu(CS) 
100 
100 
ns 
Addrdss(R/W and RS) setup time. tsu(A) 
145 
145 
ns 
Data bus input setup time, tsu(DUS) 
185 
185 
ns 
Control (R/W, RS. and CS) hold time. th(C) 
20 
20 
ns 
Data bus input hold time, thlbusl 
20 
25 
ns 
Pulse duration of control inputs during read cycle, tw(o 
575 
575 
ns 
Pulseduration, reset low. tw|_(reset) 
3 
3 
Clock 


Periods 
Pulse duration of clock high. tWHICLK) 
440 
440 
ns 
Pulse duration of clock low. tWL(CLK) 
410 
410 
ns 
Clock rise time, tr(ci_K) 
25 
25 
ns 


Operating free-air temperature. T^ 
-40 
85 
-40 
85 | 


ns 


°c 


NOTE 3: Analog input voltages greater than or equal tothat applied tothe REF 4 terminal convert toall onos I11111111). while inpul voltages 
or loss than thai applied to Iho REF- terminal convert to all jjeros (00000000). 
equal to 
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TYPE TL532 
CMOS 8-BIT ANALOG-TO-DIGITAL PERIPHERAL WITH 
ADDITIONAL DIGITAL INPUT/OUTPUT CAPABILITY 


electrical characteristics over recommended ranges of Vcc< VREF +. and operating free-air temperature, 
Vref- at ground, fCLK = 1048 MHz (unless otherwise noted) 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP' 
MAX 
UNIT 


Vqh 
High-level output voltage 
I/OData bus 
Iqh • 
l-6mA 
2.4 
V 


Vql 
Low-level output voltage 
I/O Data bus 
Iql = 1-6 mA 
0.4 
V 


High-level 
'in 
input current 


Any control input 
V|H = 5.5 V 
1 
pA 
Any other digital input 
10 


Low-level 


input current 


Any control input 
V|L = 0 


- 
1 
„A 
Any other digital input 
-10 


Off-state (high-impedance-state) 
'oz 
output current 
v0= vCc 
10 
pA 
V0 = o 
- 10 


l| 
Analog input current (see Noto 4) 
V| = 0 to VCC 
±500 
nA 


Leakage current between selected channel 


and all other analog channels 


V| = 0 to VCc 
±400 
nA 
Clock input at 0 V 
rj(on) 
Analog channelinput on-state resistance 


Ladder resistance (REF+ to REF-) 


5 
kii 


1 
5 
10 
kfi 


Cj 
Input capacitance 
Digital pins 3 thru 10 
7 
30 
pF 
Any other Input pin 


in 


'CC+'REF* 
Supply current plus reference current 
VCC • VREF+ = 5-5V, 
Outputs open 
3 
16 
mA 


\r.r. 
Supply current 
VCc • 5-5 v 
2 
10 
mA 


'Typicalvaluesare at Vcc = 5 V. T^ = 25°C. 
NOTE 4: 
Analog inputcurront is an overageof the currentflowing into a selectedanalog channelInput during ono full conversion c< 


operatingcharacteristicsover recommended rangesof Vcc< VREF +-ant* °Perat,ngfree-air 
Vref- at ground, fCLK = 1.048 MHz (unless otherwise noted) 
temperature, 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP1 
MAX 
UNIT 


Linearity error 
See Note 5 
±0.5 
LSB 


Zero error 
See Note 6 
±0.5 
LSB 


Full-scale error 
See Note 6 
±0.5 
LSB 


i otal unadjusted error 
Soo Note 7 
±0.5 
LSB 


'conv 
Conversion time (including 


channel acquisition time) 
290 
Clock 


Cycles 


'acq 
Channel acquisition time 
30 
Clock 


Cycles 


Data output enable time (See Note 9) 
RL = 3 kf), 
CL = 50 pF 
335 
ns 


Data output disable time 
RL = 3 kfl, 
CL - 50 pF 
10 
ns 


'r(bus) 
Data bus output 


rise time 


High-impedance to high-level 
RL = 3 kfl, 
CL = 50 pF 
150 
ns 
Low to high-level 
300 


'f(bus) 
Data bus output 


fall time 


High-impedance to low-lovol 
RL = 3 kfj, 
CL = 50 pF 
150 
ns 
High to low-lovol 
300 


'Typical values aro at Vcc 
5 V, T^ - 25 °C. 
NOTES 
5. 
Linearity error is Ihe deviation from ihe bost straight line through iho A/D transfer charactorislics. 
' 6. 
Zero orror is tho difference between tho output of an ideal and an aciual A/D for zero input voltage: full-scale error is that same difference for 


full-scale inpul voltage. 
7. 
Tolal unadjusted orror is tho sum of linearity, zero, and full-scale errors. 
8. 
Absolute accuracy error is [ho maximum difference bolween an analog value and ihe nominal midstop value within any step. This includes all 
errors including inherent quantization error, which is Iho r0.5 LSB uncertainty caused by Iho A/Dconverters finite resolution. 
9. Ifchip-selectsetup time. tSulCSl-,s less than 0.14 microseconds.Ihoeffectivedata output enablelime. ton. may extend such that tsu(CSI * 'en 
is oqual to a maximum of 0.475 microseconds. 
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TYPE TL533 
CMOS 8-BIT ANALOG-TO-DIGITAL PERIPHERAL WITH 
ADDITIONAL DIGITAL INPUT/OUTPUT CAPABILITY 


electricalcharacteristics over recommended ranges of VcC- Vref + <and operating free-airtemperature, 
VREF- at ground, fCLK = 1-048 MHz (unless otherwise noted) 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP' 
MAX 
UNIT 
VrjH 
High-level output voltage 
I/O Data bus 
lOH = 
_ 1-6 mA 
2.5 
V 
Vql 
Low-level output voltage 
I/O Data bus 
'OL = 1-6 mA 
0.4 
V 
High-level 
!IH 
input current 


Any control input 
V|H 
= 5.5 V 
1 
pA 
Any other digital input 
10 
Low-level 


input current 


Any control input 
V|L = 0 
-1 
pA 
Any other digital input 
- 10 
. 
Off-state (high-impedance-state) 
'oz 
output current 
Vo 
= vCc 
10 
pA 
V0 
= o 
- 
10 
l| 
Analog input current (see Note 4) 
V| = 0 to VCc 
±700 
nA 
Leakage current between selected channel 


and all other analog channels 
V| = 0 to vCc. 


Clock input at 0 V 
±500 
nA 


rj(on) 
Analog channel input on-state resistance 
5 
kfl 
Ladder resistance (REF+ to REF-) 
1 
5 
10 
k!) 


Cj 
Input capacitance 
Digital pins 3 thru 10 
7 
30 
PF 
Any other input pin 
5 
15 


'CC + 'REF+ 
Supply current plus reference current 
VCC = VrEF+ 
= 5.5 V. 
Outputs open 
3 
16 
mA 


ICC 
Supply current 
VCC = 5-5 V 
2 
10 
mA 


are at Vcc = 5 V, TA = 25 °C. 
sg input curront is an overage of tho curront flowing into a sell 
'Typical values 
NOTE 4: 
Anal 
clod analog channel input during ono full conversion cycle. 


operating characteristics over recommended ranges of Vcc< Vref + - and operating free-air temperature, 
VREF- at ground, fQLK = 1-048 MHz (unless otherwise noted) 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP' 
MAX 
UNIT 


Linearity error 
See Note 5 
±0.5 
LSB 


Zero error 
See Note 6 
±0.25 
LSB 


Full-scale error 
See Noto 6 
±0.25 
LSB 


Total unadjusted error 
See Note 7 
TA ,25°C 
±0.5 
LSB 
TA = -0°C to 85°C 
t 
l 
Absolute accuracy error 
See Nole 8 
±1.5 
LSB 


'conv 
Conversion time (including 


channel acquisition time) 
290 
Clock 


Cycles 


'acq 
Channel acquisition time 
30 
Clock 


Cycles 


'en 
Data output enable time (See Note 9) 
RL = 3 kf!. 
CL • 50 pF 
335 
ns 


'dis 
Data output disable time 
RL = 3 kfi. 
CL 
50 pF 
10 
ns 


«r(busl 
Data bus output 


rise time 


High-impedance to high-level 
RL - 
3 kfl. 
Cl = 50 pF 
150 
ns 
Low to high-level 
300 


'f(bus) 
Data bus output 


fall time 
High-impedance to low-level 
RL = 3 kfi. 
CL = 50 pF 
150 
ns 
High to low-level 
300 


'Typical values are at VCc = 5 V. TA = 25°C. 
NOTES: 
5. 
Linearity error is Ihe deviation from the best straight lino through tho A/D transfer charactorislics. 
6. 
Zero error is the difference between the output of an ideal and an actual A/D for zero input voltago; full-scale error is that same difference for 
full-scale input voltage. 
7. 
Total unadiusted error is the sum of linearity, zero, and full-scale errors. 
8. 
Absolute accuracy error is Ihe maximum ditferenco between an analog value and Iho nominal midslop value within any stop. This includes all 
errors including inherent quantization orror. which is Ihe ±0.5 LSB uncertainty caused by tho A/D convenors finite resolution. 
9. IIchip-select setuptime.tsulCSI- 's ,oss,han°-14 microseconds. Ihocffeclive data outpulenabletime.ten. mayextendsuchthat tsu(CSl * 'en 
is equal to a maximum of 0.475 microseconds. 
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DATA 
ACQUISITION 
CIRCUITS 


NOT RECOMMENDED 
FOR NEW DESIGN 


For New Design, see TL182 Series 


description 


The TL601, TL604, TL607, and TL610 are a family 
of monolithic P-MOS analog switches that provide 
fast switching speeds with high r0ff/r0n ratio and no 
offset voltage. The p-channel enhancement-type MOS 
switches will accept analog signals up to ±10 volts and 
are controlled by TTL-compatible logic inputs. The 
monolithic structure 
is made 
possible by 
BI-MOS 
technology, 
which combines p-channel MOS with 
standard bipolar transistors. 


These 
switches 
are 
particularly suited for use in 
military, industrial, and commercial applications such 
as data 
acquisition, 
multiplexers, 
A/D and 
D/A 
converters, MODEMS, sample-and-hold systems, sig 
nal 
multiplexing, 
integrators, 
programmable oper 
ational amplifiers, 
programmable voltage regulators, 
crosspoint switching networks, logic interface, and 
many other analog systems. 


The TL601 is an SPDT switch with two logic control 
inputs. The TL604 is a dual complementary SPST 
switch with a single control input. The TL607 is an 
SPDT switch with one logic control input and one 
enable input. The TL610 is an SPST switch with 
three logic control 
inputs. The TL610 features a 
higher r0ff/ron ratio than the other members of the 


family. 


The TL601M, TL604M, TL607M, and TL610M are 
characterized 
for 
operation 
over 
the 
full 
military 
temperature range of -55°C to 125°C, the TL601I, 
TL604I, TL607I, and TL610I are characterized for 
operation from -25°C to 85°C, and the TL601C, 
TL604C, TL607C, and TL610C are characterized for 
operation from 0°C to 70 C. 


TYPES TL601, TL604, TL607, TL610 
P-MOS ANALOG SWITCHES 


D2401. JUNE 1976-REVISED OCTOBER 1983 


JG OR P DUAL-IN-LINE PACKAGE 


(TOP VIEW) 


TL601 


2 
7 


3 
6 


4 
5 


gndC 
AC 
bC 
sC 


Dvcc + 
2 S2 
Dsi 
2 vCc- 


TL604 


GND £ 1 
A[2 
si £3 
S2 £a 


TCTt]vcc + 
7 3 si 
6 2 S2 
5l]VcC- 


TL607 


GND £ i 
AC2 
ENABLE £ 3 
SO 


13Th vCc+ 
7 ] S2 
6 3 si 
5 3 vCc- 


TL610 


GND Ql UsQ VCC + 
A[2 
7 3C 
B[3 
6 3s 
S£a 
5jvCC- 


TYPICAL OF 
ALL INPUTS 
J 
1 


TYPICAL OF 
ALL SWITCHES 


Copyright © 1979 by Texas Instr 
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TYPES TL601, TL604, TL607, TL610 
P-MOS ANALOG SWITCHES 


;=0~J 


FUNCTION TABLE 


LOGIC INPUTS 
ANALOG SWITCH 


A 
B 
S1 
S2 


L 
X 


X 
L 


H 
H 


OFF(OPEN! 
ON (CLOSED) 


OFF(OPEN) 
ON (CLOSED) 


ON(CLOSED) 
OFF (OPEN) 


FUNCTION TABLE 


INPUTS 
ANALOG SWITCH 


A 
ENABLE 
S1 
S2 


X 
L 


L 
H 


H 
H 


OFF(OPEN) 
OFF(OPEN) 


OFF(OPENI 
ON (CLOSEDI 


ON (CLOSED) 
OFF (OPEN) 


FUNCTION TABLE 


LOGIC INPUT 
ANALOG SWITCH 


A 
S1 
S2 


H 


L 


ON (CLOSEDI 
OFF (OPEN) 


OFF (OPEN) 
ON (CLOSED) 


3ZH>- 


FUNCTION TABLE 


INPUTS 
ANALOG SWITCH 


S 
ABC 


L 
X 
X 
OFF(OPEN) 


X 
L 
X 
OFF(OPEN) 
XXL 
OFF(OPEN) 


H 
H 
H 
ON (CLOSED) 


H » high logic level 


L = low logic lovol 


X = irrelevant 


Switch positions shown are for all Inputs high. 


absolute maximum ratings overoperatingfree-air temperature range (unless otherwise noted) 


Supplyvoltage, Vcc+(see Note 1) 
. 
30 V 
Supplyvoltage, VqC- 
-30 V 
VCC+ to Vcc— supply voltage differential 
35 V 
Control input voltage 
Vrr+ 
Switchoff-statevoltage 
30 v 
Switch on-state current 
10 mA 
Operatingfree-air temperature range:TL601M,TL604M, TL607M, TL610M 
-55°Cto125°C 
TL601I.TL604I.TL607I.TL610I 
-25°C to 85°C 
TL601C.TL604C.TL607C.TL610C 
0°C to 70'C 
Storage temperature range 
-65^ C to 150°C 
Lead temperature 1/16 inch (1,6 mm) from casefor 60 seconds: JG package 
300 C 
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: P package 
260°C 


NOTE I: All volloge values are with respect to network ground terminal. 
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recommended operating conditions 


TYPES TL601, TI604, TL607, TL610 
P-MOS ANALOG SWITCHES 


TL601M. TL604M 


TL607M. TL610M 


TL601I. TL604I 


TL607I. TL610I 


TL601C. TL604C 


TL607C. TL610C 
UNIT 


MIN 
NOM 
MAX 
MIN 
NOM 
MAX 
MIN 
NOM 
MAX 


Supply voltage. Vfjc+ 'see Figure 1) 
5 
10 
25 
5 
10 
25 
5 
10 
25 
V 


Supply voltage, Vqq _ (see Figure 1) 
-5 
-20 
-25 
-5 
-20 
-25 
-5 
-20 
-25 
V 


Vcc + ,0 VCC- supply voltage 
differential (see Figure 1) 
15 
30 
15 
30 
15 
30 
V 


Control input voltage 
0 
5.5 
0 
5.5 
0 
5.5 


Voltage at any analog 


switch (S) terminal 
VCC- * 8 
VCC. 
VCC-+8 
VCC + VCc-+8 
VCC+ 
V 


Switch on-state current 
Operating free-air temperature, T/\ 


10 


-55 
125 


10 


-25 
85 


10 


0 
70 


mA 


"C 


Figure 1shows power supply boundary conditions for proper operation ofthe TL601 Series. The range ofoperation 
for supply Vqc + from +5Vto +25Visshown on the vertical axis. The range ofVcc- ffom - 5volts to - 25volts 
isshown on the horizontal axis. Arecommended 30-voltmaximum voltagedifferential fromVcc + t0 VCC - governs 
the maximum Vqc + for achosen Vqq _ (or vice versa). Aminimum recommended difference of15volts from Vqc + 
toVcc - and tne boundaries shown in Figure 1allow the designer to select the proper combinations of the two supplies. 


The designer-selected Vcc+ for achosen Vcc- supply values limit the maximum input voltage that can be applied to 
either switchterminal; that is, the input voltage should be betweenVcC- +8 Vand Vcc + *° keeP the on-state 
resistance within specified limits. 
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TYPES TL601, TL604, TL607, TL610 
P-IWOS ANALOG SWITCHES 


electrical characteristics over recommended operating free-air temperature range, 
Vcc+ = 10 V, VcC— = -20 V, analog switch test current = 1 mA (unless otherwise noted) 


PARAMETER 
TESTCONDITIONSt 


TL6 
M 


TL6 
1 
TL6 
C 
UNIT 


MIN 
TYPI 
MAX 
MIN 
TYPt 
MAX 


V|H 
High-level input voltage 
2 
7 
V 


VlL 
Low-level input voltage 
Enable input of TL607M 
0.6 
V 
All other inputs 
0.8 
08 


>IH 
High-level input current 
V| =5.5 V 
0.5 
10 
0.5 
10 
pA 
ML 
Low-level input current 
V| = 0.4 V 
-50 -250 
-50 
-250 
»A 


'off 
Switch off-state current 
V|(sw) = -'0V. 


See Note 2 


TA = 25 C 
-400 
-500 
PA 
TA • MAX 
-50 
-100 
-10 
20 
nA 


ron 
Switch on-state resistance 


V|(jw)"10V, 


'O(sw) = ~1 mA 


TL601 


TL604 


TL607 


55 
100 
75 
200 


n 
TL610 
40 
80 
40 
100 


V|(sw) = -'0V. 


'Olswl " -1 mA 


TL601 


TL604 


TL607 


220 
400 
220 
600 


TL610 
120 
300 
120 
400 


rofl 
Switch off-stale resistance 
1 X 10" 
5X 10'° 
a 
Con 
Switch on-state input capacitance 
vllsw) =0V.I=l MHz 
16 
16 
PF 
C0lf 
Switch off-state input capacitance vl(swl =0V.f • 1 MHz 
8 
8 
PF 


•cc+ Supply current from Vcc+ 


Logic inpul(s) 


at 5.5 V. 


All switch 


terminals 


open 


TL601 


TL604 
5 
10 
5 
10 


mA 


Enable 


input high 
TL607 


5 
10 
5 
10 


Enable 


input low 
3 
5 
3 
5 


TL610 
5 
10 
5 
10 


ICC- Supply current from Vqq_ 


Logic inpullsl 


at 5.5 V. 


All switch 


terminals 


open 


TL601 


TL604 
-1.2 
-2.5 
-1.2 
-2.5 


mA 


Enable 


input high 
TL607 
-2.5 
-5 
-2.5 
-5 


Enable 


input low 
-0.05 
-0.5 
-0.05 
-0.5 


TL610 
i : 
-2.5 
-1.2 
-2.5 


t For conditiont shown as MIN or MAX. use the appropriate value specified under recommended operating conditions. 
t All ivnical value*aro at TA - 25°C. 
NOTE 2: The othor torminal ol iho switch under test it at Vcc, = 10 V. 
switching characteristics, Vqq = 10V.Vcc_ = -20 V,TA= 25C 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 
'off 
Switch turn-off time 
R|_ " 1 k!2, CL = 35 pF, See Figure 2 
400 
500 
ns 
ton 
Switch turn-on time 
100 
150 
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TYPES TL601, TL604, TL607, TL610 
P-MOS ANALOG SWITCHES 


parameter measurement information 


TESTCIRCUIT 


NOTES: A. The pulso generator has the following charactorislics: 
Zout = 500, tf =15 ns. tf - 15 ns, tw • 500 ns. 
B. Cl includes probe and jig capacitance. 


CL = 35pF 
'Tx (SeeNotoB) 
•TD^UX 


5V 
50% 
| > 
OV 
7" 
ikn 


1 kn + ron 


VOLTAGE WAVEFORMS 


toff-H 
•] 
___Vo 


Vn-HOV) 


TYPICAL CHARACTERISTICS 


SWITCH ON-STATE RESISTANCE 


vs 
FREE-AIR TEMPERATURE 


_15 
_10 
-5 
0 
5 
10 
V|(sw)-Switch Analog Voltage—V 


FIGURE 3 


SWITCH ON-STATE RESISTANCE 


vs 


SWITCH ANALOG VOLTAGE 


-75 -50 -25 
0 
25 
50 
75 
100 
125 
Ta—Free-Air Temperature—°C 


FIGURE 4 
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TYPES TLC532AM, TLC532AI, TLC533AM, TLC533AI 
LinCMOSTM 8-BIT ANALOGTODIGITAL PERIPHERALS WITH 
5 ANALOG AND 6 MULTIPURPOSE INPUTS 
D2819. NOVEMBER 1983 


LinCMOS™ Technology 


8-Bit Resolution 


Total Unadjusted Error ... ±0.5 LSB Max 


Ratiometric Conversion 


Access Plus Conversion Time: 
TLC532A. . . 15 fis Max 
TLC533A ... 30 its Max 


3-State, Bidirectional I/O Data Bus 


5 Analog and 6 Multipurpose Inputs 


On-Chip 12-Channel Analog Multiplexer 


Three On-Chip 16-Bit Data Registers 


Software Compatible with Larger TL530 and 
TL531 (21-Input Versions) 


On-Chip Sample-and-Hold Circuit 


Single 5-V Supply Operation 


Low Power Consumption . . . 6.5 mW Typ 


Improved Direct Replacements for Texas 
Instruments TL532 and TL533, National 
Semiconductor 
ADC0829, 
and 
Motorola 
MC14442 


description 


The TLC532A and TLC533A are monolithic 
LinCMOS™ peripheral integrated circuits each 
designed to interface a microprocessor for 
analog data 
acquisition. These devices are 
complete peripheral data acquisition systems on 
a single chip and can convert analog signals to 
digital data from up to 11 external analog 
terminals. Each device features operation from 
a 
single 
5-volt 
supply. 
Each contains a 
12-channel 
analog 
multiplexer, 
an 
8-bit 
ratiometric analog-to-digital (A/D) converter, a 
sample-and-hold, three 16-bit registers, and 
microprocessor-compatible 
control 
logic 
circuitry. Additional features include a built-in 
self-test, six multipurpose (analog or digital) 
inputs, five external analog inputs, and an 8-pin 
input/output (I/O) data port. The three on-chip 
data 
registers 
store 
the 
control data, 
the 
conversion results, and the input digital data that 
can be accesssed via the microprocessor data 
bus in two 8-bit bytes (most-significant byte 
first). 
In this manner, 
a microprocessor can 
access up to 11 external analog inputs or 6 
digital signals and the positive reference voltage 
that may be used for self-test. 


J OR N DUAL-IN-LINE PACKAGE 


(TOP VIEW) 


REF- [17X728 
GND £2 
27 
2-1 (MSB) £ 
2-2[ 
2-3 £ 
2-4Q 
2"5[ 
2-6[ 
2~'£ 
2-8 (LSB) £ 
READ/WRITE (R/W) £ 
CLOCK (CLK) £ 
REGISTER SELECT (RS) £ 
CHIP SELECT (CS) £ 


3 REF+ (AD 
3 VCC 
2 AO 
:a2 


A3 
P A4 
2 A5 
2 aio/di 
2 A11/D2 
2 A12/D3 
2 A13/D4 
2 A14/D5 
2 A15/D6_, 
2 RESET (R) 


I/O 
DATA< 


BUS 


ANALOG 


INPUTS 


2-3 
2-4 
2-5 
2-6 
2-7 
2-8 (LSE» 


R/W 


FH CHIP-CARRIER PACKAGE 


(TOP VIEW) 


oi 
— 
_ 
I 
0 
u. ul 
<-> 
I 
I 
Z 
uj 
UJ 
<-3 O 
cn 
cn O 
rr 
a: 
> 
< 
L_l 1_J l—l L_l L_l I—I l—l 
4 
3 
2 
1 
28 27 26 
25[ A2 
24[ A3 
23[ 
A4 
22[ 
21[ 
20[ 
19[ 


ANALOG/ 


> DIGITAL 


INPUTS 


]6 
]e 
V 
]s 


]10 


A5 


A10/D1 
A11/D2 


A12/D3 


12 13 14 15 16 17 18 
r-ii-innrinn 


*: in ic/> |rr 
co 
ui 
«s- 
_i 
rr lu 
OOO 


< 
< 
< 


FUNCTION TABLE 


ADDRESS/CONTROL 
DESCRIPTION 
R/W 
RS 
CS 
n 
CLK 


X 
X 
X 
1/ 
Reset 


L 
H 
L 
H 
\ 
Write bus data to control 


register 


H 
L 
L 
H 
t 
Read data from analog 


conversion register 


H 
H 
L 
H 
Read data from ditigal 
data register 


X 
X 
H 
H 
X 
No response 


H = High-level. L = Low-level. X • Irrelevant. 
1 = High-to-low transition, t = Low-to-high transition 
'For proper operation. Reset must belowforat least three clock cycles. 


c 
o 
'3) 
[to 
3 
u 
o 
< 


to 


to 
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TNi documant contalni Information on a naw product. 
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TYPES TLC532AM, TLC532AI, TLC533AM, TLC533AI 
LinCMOS™ 8 BIT ANALOG-TO-DIGITAL PERIPHERALS WITH 
5 ANALOG AND 6 MULTIPURPOSE INPUTS 


description (continued) 


The A/D conversion uses the successive-approximation technique and switched-capacitor circuitry. This 
method eliminates the possibility of missing codes, nonmonotonicity, and a need for zero or full-scale 
adjustment. Any one of 11 analog inputs (or self-test) can be converted to an 8-bit digital word and stored 
in 10 microseconds (TLC532A) or 20 microseconds (TLC533A) after instructions from the microprocessor 
have been recognized. The on-chip sample-and-hold functions automatically to minimize errors due to noise 
on the analog inputs. Furthermore, differential high-impedance reference inputs are available to help isolate 
the analog circuitry from the logic and supply noises while easing ratiometric conversion and scaling. 


The TLC532AM and TLC533AM are characterized for operation over the full military temperature range 
of - 55 °C to 125 °C. The TLC532AI and TLC533AI are characterized for operation from - 40 °C to 85 °C. 


functional description 


The TLC532A and TLC533A provide direct interface to a microprocessor-based system. Control of the 
TLC532Aand TLC533Ais handled via the 8-lineTTL-compatible 3-state data bus, the three control inputs 
(Read/Write, Register Select, and Chip Select), and the Clock input. Each device contains three 16-bit internal 
registers. These registers are the control register, the analog conversion data register, and the digital data 
register. 


A high level at the Read/Write input and a low level at the Chip Select input set the device to output data 
on the 8-line data bus for the processor to read. A low level at the Read/Write input and a low level at 
the Chip Select input set the device to receive instructions into the internal control register on the 8-line 
data bus from the processor. When the device is in the read mode and the Register Select input is low, 
the processor will read the data contained in the analog conversion data register. However, when the 
Register Select input is high, the processor reads the data contained in the digital data register. 


The control register is a write-only register into which the microprocessor writes command instructions 
for the device to start A/D conversion and to select the analog channel to be converted. The analog 
conversion data register is a read-only register that contains the current converter status and most recent 
conversion results. The digital data register is also a read-only register that holds the digital input logic 
levels from the six multipurpose inputs. 


Internally each device contains a byte pointer that selects the appropriate byte during two cycles of the 
q 
Clock input in a normal 16-bit microprocessor instruction. The internal pointer will automatically point to 
0) 
the most-significant (MS) byte after the first complete clock cycle any time that the Chip Select is at the 
high level for at least one clock cycle. This causes the device to treat the next signal on the 8-line data 
bus as the MS byte. A low level at the Chip Select input activates the inputs and outputs and an internal 
function decoder. However, no data is transferred until the Clock goes high. The internal byte pointer first 
points to the MS byte of the selected register during the first clock cycle. After the first clock cycle in 
which the MS byte is accessed, the internal pointer switches to the LS byte and remains there for as long 
W 
as Chip Select is low. The MS byte of any register may be accessed by either an 8-bit or a 16-bit 
£". 
microprocessor instruction; however, the LS byte may only be accessed by a 16-bit microprocessor 
O 
instruction. 


03 


> 
o 


3 
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Normally, a two-byte word is written into or read from the controlling processor, but a single byte can 
be read by the processor by proper manipulation of the Chip Select input. This can be used to read conversion 
status from the analog conversion data register or the digital multipurpose input levels from the digital 
data register. The format and content of each two-byte word is shown in Figures 1 through 3. 
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TYPES TLC532AM, TLC532AI, TLC533AM, TLC533AI 
LinCMOSTM 8-BIT ANALOGTODIGITAL PERIPHERALS WITH 
5 ANALOG AND 6 MULTIPURPOSE INPUTS 


functional description (continued) 


Aconversioncycle is started after a two-byte instructionis written into the control register and the start 
conversion (SC) bit is a logichigh. This two-byte instructionalso selects the input analog channel to be 
converted. The status (EOC) bit in the analog conversion data register is reset and remains reset until the 
conversion is completed, at that time the status bit is then set again. After conversion, the results are 
loadedintothe analogconversiondata register.These results remain inthe analogconversiondata register 
until the next conversion cycle is completed. If a new conversion command is entered into the control 
register while the conversion cycleisinprogress, the on-going conversion will beabortedand a newchannel 
acquisition cycle will immediately begin. 


The Reset input allows the device to be externally forced to a known state. When a low level is applied 
to the Reset input for a minimum of three clock periods, the start conversion bit of the control register 
is cleared. The A/D converter is then idled and all the outputs are placed in the high-impedance off-state. 
However, the content of the analog conversion data register is not affected by the Reset input going to 


a low level. 


functional block diagram 


DATA BUS 
(2-8 _ 2-1)- 


R/W • 


CS • 


RS- 


R 


CLOCK 


ANALOG/DIGITAL 


INPUT 
IA10/D1 - 
A15/D6) 


EXTERNAL ANALOG 
INPUT 
(AO. A2 - A5) 


REF+. 


REF-- 


-+-7—*- 


-+-C 


-*—c 


<6 


5 
<>-*: 


DATA 
8US 


CONTROL 


LOGIC 


DIGITAL DATA 


REGISTER 
(READONLY) 


REGISTER 
(WRITE ONLY) 


.ANALOG MUX/ 
4 


ADDRESS 


12-CHANNEL 
MULTIPLEXER 


SAMPLE- 


AND- 


HOLD 


ANALOG 
CONVERSION 
REGISTER 
(READONLY) 


,'» 


8-BIT 
ANALOG-TO-DIGITAL 
CONVERTER 
(SWITCHED-CAPACITORS) 
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B 
uo|jismbov bjbq 


SEE NOTE A 


I 
STATE 
|STATE*>STATEASTATE4STATE| 
STATE 
STATE 
(STATE 
STATE 
|eTATF| 
STATE 
I 
|^__J SEE NOTE C J SEE NOTE C^^ NQTE £_J 
\ 
J5 "[, 
J 


SEE NOTE B 
SEE NOTE D 


This is a 16-bil input instruction from ihe microprocessor beingsent to Ihe control data register. 
This is tho 2-byte 116-bitlcontent of the digital data register being sent to the microprocessor. 
This is the LSbyte (8-bit) contentof the analogconvulsion data registerboing sont to the micropiocossor. 
This is Iho LS byto (8-bit) content of the digitaldata rogistor being sont to tho microprocessor. 
These aro 8-bn or 16-bit oulpul dalafrom either ihoanalog conversion dota register orIhadigital dalarogister being sentto 
This is the 2-byte(16-bit) contentof the analogconversion data register boing sent to the microprocessor. 


cji r— —j 
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TYPES TLC532AM, TLC532AI. TLC533AM, TLC533AI 
LinCMOSTM 8-BIT ANALOGTODIGITAL PERIPHERALS WITH 
5 ANALOG AND 6 MULTIPURPOSE INPUTS 


LINES 2-1 
2-2 
2-3 
2~4 
2'5 
2'6 
j-1 
2-8 
2~1 
2~2 
2-32425 
2~627 
2 8 


X 


IMSB) 


X 
X 
X 
X 
X 
X 
SC 


(LSB) 


X 


IMSB) 


X 
X 
X 
A3 
A2 
A1 
AO 


(LSB) 


T-SIGNIFICANT BYTE - 
>T-SIGNIFICANT BYTE- 


Unused Bus IX) - The MSbylebits2" ' through 2'1 and LS bytebits2" ' through 2 4 of thecontrol register are notusedinternally. 
Start Conversion (SCI- When the SC bit in ihe MS byte is set to a logical 1 (high level), analog-to-digital conversion of Iho specified analog channel 
will begin immediately aftor tho completion of tho control register write. 
Analog Multliplex Address IAOA3I- Those four address bits aredecodod bytheanalog multiplexer and used io select theappropriate analog channel as 


shown below: 


Hexadecimal Address (A3 
= MSB) 


0 


1 


2-5 


6-9 (not used) 


A-F 


Channel Select 


AO 


REF+ (AD 


A2-A5 


A10-A15 


FIGURE 1-CONTROL REGISTER TWO-BYTE WRITE WORD FORMAT AND CONTENT 


DATA BUS 
LINES 
2-1 
2-2 


EOC 


IMSB) 


2-3 
2-5 
2-6 
2-7 
2-' 


. MOST-SIGNIFICANT BYTE 


8-BIT READ 


0 


(LSB) 


2-1 
2-2 
2-3 


R7 


(MSB) 


R6 
R5 
R4 
R3 
R2 
Rl 
RO 


(LSBI 


READ 
• 


AD Status(EOC) - TheA/D status end-of-conversion (EOC) bitissel whenever ananalog-to-digital conversion issuccessfully completed bythe A/D converter. 
Thestatus biiis clearedbya 16-bit writefromIhemicroprocessor to thocontrol register. Thoremainder of the bitsInthe MSbyteol Ihoanalog conversion 
data registeraro alwaysreset to logical 0 to simplify microprocessor interrogation of tho A/D converter status. 
A'D Result IR0-R7I- The LS byte oftheanalog conversion dalaregister contains thoresult ofIho analog-to-digital conversion. Result bitR7 istheMSB and 
theconverter follows the standard convention of assigning a codeof all ones(111111111 to a full-scale analog voltage. There are no special overflow 


or underflow indications. 


FIGURE 2-ANALOG CONVERSION DATA REGISTER ONE-BYTE AND TWO-BYTE READ WORD FORMAT ANDCONTENT 


DATA BUS 
LINES 
2 - 1 
2-2 
2-3 
2-5 


A15 
All 
A13 
A12 
All 
1 A10 
A3 
A2 


/D6 
/D5 
/D4 
103 
D2 
/D1 


(MSB) 
(LSBI 


« 
— 16-B 


2-1 


AI 
AO 
X 
X 
X 
X 
X 
X 


IMSBI 
(LSB) 


« 
— 
LEAST-SIGNIFICANT BYTE - 
»• 


READ 
• 


Shared Digital Port(A10/D1-A15'D6)- The voltago present onthesepinsisinterpreted as a digital signal andthecorresponding slatesarereadfrom these 
bits. A digitalvalue willbe given for each pin even if some or all of those pins arc being usod as analog inputs. 
Analog Multiplexer Address (A0-A3)- The addressof tho soloctod analog channel presently addressed is givenby these bus. 
Unused Bits (XI- LSbyte bits 2-3 through2-8 ol the digital data register are not used. 


FIGURE 3-DIGITAL DATA REGISTER ONE-BYTE AND TWO-BYTE READ WORD FORMAT AND CONTENT 
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TYPES TLC532AM, TLC532AI, TLC533AM, TLC533AI 
LinCMOSTM 8-BIT ANALOGTODIGITAL PERIPHERALS WITH 
5 ANALOG AND 6 MULTIPURPOSE INPUTS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc (see Note 1) 
- 0.3 V to 6.5 V 
Input voltage range: Positive reference voltage 
VREF- t0 ^CC + 0.3 V 
Negative reference voltage 
- 0.3 V to Vref + 
All other inputs 
-0.3 V to Vcc + 0.3 V 
Input current, l| (any input) 
±10 mA 
Total input current, (all inputs) 
+20 mA 
Continuous total dissipation at (or below) 25 °C free-air temperature (see Note 2) 
1025 mW 
Operating free-air temperature range: TLC532AM, TLC533AM 
-55°C to 125°C 
TLC532AI, TLC533AI 
-40°C to 85°C 
Storage temperature range 
-65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: FH or J package 
300°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N package 
260°C 


NOTES: 1. 
All voltage values are with respect to network ground terminal. 
2. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves. Section 2. 


recommended operating conditions 


TLC532A 
TLC533A 
UNIT 
MIN 
NOM 
MAX 
MIN 
NOM 
MAX 
Supply voltage. Vqc, 
4.75 
5 
5.5 
4.75 
5 
5.5 
V 
Positive reference voltage. Vref + (see Note 3) 
2.5 
vcc 
Vcc.oi 
2.5 
VCC 
vcc-oi 
V 
Ni gative reference voltage, Vref 
's'"'- NotB 3' 
-0.1 
0 
2.5 
-0.1 
0 
2.5 
•'. 
Differential reference voltage. Vref + - VREF - 
1 
vCc 
'•'cc • o 
'•' 
1 
VCC 
VCC-0.2 
V 


High-level input voltage. V|h 
Clock input 
VCC-0-8 
vcc-o.8 
V 
All other digital inputs 
2 
2 
Low-level input voltage, V|l 
Any digital input 
0.8 
0.8 
V 
Clock frequency, fcxK 
0.1 
2 
2.048 
0.1 
1.048 
1.06 
MHz 
CS sotup time. tSulcsi 
75 
100 
ns 
Address (R/W and RS) setup time, tsu(A) 
i 00 
145 
ns 
Data bus input setup time, tsu(DUS) 
140 
185 
ns 
Control (R/W. RS. and CSI hold time. th(Cl 
10 
20 
ns 
Data bus input hold time, thlbusl 
15 
20 
ns 
Pulse duration of control during road. tw(o 
305 
575 
ns 


Pulse duration, reset low. twL(resetj 
3 
3 
Clock 


Cycles 
Pulse duration of clock high. twH(CLK) 
230 
440 
ns 
Pulse duration of clock low. twL(CLK) 
200 
410 
ns 
Clock rise time. tr(CLK) 
15 
25 
ns 
Clock fall time. tf(CLK) 
16 
30 
ns 
Operating free-air 


temperature. T^ 


TLC__AM 
-55 
125 
-55 
125 
°C 
TLC__AI 
-40 
85 
-40 
85 


NOTE3: 
Analog input voliages greator than or equal io that applied lo the REF * terminal convert io all ones (111111111. while input voltages equal io 
or loss than that appliedto Ihe REF - terminalconvertto allzeros (00000000). Forproperoperation, the positivereferencevoltago. Vrqp _.. musi 
be at least 1-voli greater than the negative reference voltage. Vref_. In addmon. unadjusted errors may increase as the differential reference 
voliage. Vref. 
- Vref-- ,8lls below 4.75 volts. 
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TYPES TLC532AM, TLC532AI 
LinCMOSTM 8-BIT ANALOG-TO-DIGITAL PERIPHERALS WITH 
5 ANALOG AND 6 MULTIPURPOSE INPUTS 


electrical characteristics over recommended operating free-air temperature range, Vref + - 
VCC- 
VREF- at ground, fCLK = 2 MHz (unless otherwise noted) 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP' 
MAX 
UNIT 


Vqh 
High-level output voltage 
lOH - 
-1-6 mA 
2.4 
V 


Vol 
low-level output voltage 
Iql ~ 1.6 mA 
0.4 
V 


High-level 
'lH 
input current 


Any digital or Clock input 
V|H = 5.5 V 
10 
».A 
Any control input 
1 


Low-level 


input current 


Any digital or Clock input 
V|L - 
0 
-10 
;<A 
Any control input 
-1 


Off-state (high impedance-state) 
'oz 
output current 
v0=vcc 
10 
/•A 
V0 = o 
- 10 


l| 
Analog input current (see Note 41 
V] = 0 to Vcc 
-500 
nA 


Leakage current between selected channel 


and all other analog channels 
V| = 0 to VCc. 
Clock input at 0 V 
±400 
nA 


Cj 
Input capacitance 
Digital pins 3 thru 10 
4 
30 
pF 
Any other input pin 
2 
15 


'CC "•"'REF + 
Supply current plus reference current 
VCC = Vref + • 5.5 V. 
Outputs open 
1.5 
3 
mA 


IqC 
Supply curront 
VCc • 
5-5 v 
1.4 
2 
mA 


NOTE 4: 
Analoginput current is an average of Ihe current flowinginto a selected analog channel input during one fullconversion cycle 


operating characteristics over recommended operating free-air temperature range, Vref+ = 
Vref- at ground, fCLK - 
2 MHz (unless otherwise noted) 
vcc 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP' 
MAX 
UNIT 


Linearity error 
See Note 5 
±0.6 
LSB 


Zero error 
See Note 6 
= 0.5 
LSB 


Full-scale error 
See Note 6 
±0.5 
LSB 


Total unadjusted error 
See Note 7 
= 0.5 
LSB 


Absolute accuracy error 
See Note 8 
= 
1 
LSB 


Conversion time (including 
conv 
channel acquisition time) 
30 
Clock 


Cycles 


tacq 
Channel acquisition timo 
10 
Clock 


Cycles 


ten 
Data output enable time (see Note 9) 
Cl = 50 pF. RL = 3 kfl. 
250 
ns 


ldis 
Data output disable time 
CL = 50 pF. RL = 3 kit 
10 
ns 


Data bus output 
•rlbus) 
rise time 


High-impedance to high-level 
CL = 50 pF. Rl = 3 kfl 
150 
ns 
Low to high-level 
300 


Data bus output 
lf(busl 
, „ . 
fall time 


High-impedance to low-level 
Cl = 50 pF. Rl = 3 kfi 
150 
ns 
High to low-level 
300 


'Typical values are at VCc • 5 V. TA = 25 "C. 
NOTES: 5. 
Linearity error is Iho deviation from the best straight lino through ihe A/D transfer characteristics. 
6. 
Zero orror is Ihe difference between Ihe output of an ideal and an actual A/D for zero input voltage; full-scale error is that same difforence for 


full-scale input voltage. 
7. 
Total unadjusted error is the sum of linearity, zero, and full-scale errors. 
8. 
Absolute occuracy orror is Ihe maximum difference between on analog valuo and tho nominal midslop value within any slop. This includes all 
orrors including inherent quantization error, which is Ihe ±0.5 LSB uncertainty caused by Ihe A/D converters linite resolution. 
9. Ifchip-select setuptimo. tsu(cs).ISlesstnan0-'4 microseconds. Iheeffective dataoutput enable time.ten.may extendsuchihattsu(CS)+ 'en 
is equal to a maximum of 0.475 microseconds. 
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TYPES TLC533AM, TLC533AI 
LinCMOSTM 8-BIT ANALOG-TO-DIGITAL PERIPHERAL WITH 
5 ANALOG AND 6 MULTIPURPOSE INPUTS 


electrical characteristics over recommended ranges of VcC- Vref + - and operating free-air temperature, 
VREF- at ground, fCLK = 1048 MHz (unless otherwise noted) 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP' 
MAX 
UNIT 
Vqh 
High-level output voltage 
l0H 
- 
-1.6 mA 
2.4 
V 
Vql 
Low-level output voltage 
Iql h 1.6 mA 
0.4 
V 
High-level 
•lH 
input curront 


Any digital or Clock input 
V,H = 5.5 V 
10 
pA 
Any control input 
1 


Low-level 
ML 
input current 


Any digital or Clock input 
Vil 
= 0 
- 10 
pA 
Any control input 
-1 
Off-state (high impedance-state) 
'oz 
output current 
v0=vCc 
10 
pA 
v0 = o 
- 10 
l| 
Analog input current (see Note 4| 
V, = 0 to VCC 
-500 
nA 
Leakage current between selected channel 


and all other analog channels 
V| = 0 to Vcc- 
Clock input at 0 V 
-400 
nA 


Cj 
Input capacitance 
Digital pins 3 thru 10 
4 
30 
pF 
Any other input pin 
2 
15 


'CC + 'REF t- 
Supply current plus reference current 
VCC • VrEf^ 
= 5.5 V. 
Outputs open 
1.3 
3 
mA 


ICC 
Supply current 
VCC = 5.5 V 
1.2 
2 
mA 


NOTE 4: 
Analoginput current is an avorage of the current flowinginto a selected analog channel input during one fullconversion cycle. 


operating characteristics over recommended ranges Vcc. Vref + -and operating free-air temperature, 
VREF- at ground, fc|0ck = 1048 MHz for TLC532A and fclock = 1048 MHz for TLC533A 
(unless otherwise noted) 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP1 
MAX 
UNIT 
Linearity error 
See Note 5 
= 0.5 
LSB 
Zero error 
See Note 6 
= 0.5 
LSB 
Full-scale error 
See Note 6 
±0.5 
LSB 
Total unadjusted error 
See Note 7 
fcO.B 
LSB 
Absolute accuracy error 
See Note 8 
• 
1 
LSB 
Conversion time (including 


channel acquisition time) 
30 
Clock 


Cycles 


'acq 
Channel acquisition time 
10 
Clock 


Cycles 
ten 
Data output enable time (see Note 9) 
CL = 50 pF. RL = 3 kf). 
335 
ns 
tdls 
Data output disable tune 
Cl = 50 pF. RL = 3 kfl 
10 
ns 


, „ 
Data bus output 
'r(bus) 
rise time 
High-impedance to high-level 
CL = 50 pF, RL = 3 kO 
150 
ns 
Low to high-level 
300 


t.„_ 
• 
Data bus output 
'f(bus) 
. 
fall time 


High-impedance to low-level 
CL = 50 pF. RL = 3 kfl 
150 
High to low-level 
300 


'Typical values areat Vcc ° 5 V,Tj, - 25°C. 
NOTES: 5. Linearity error is the deviation from the best straight lino through the A/D transfer characteristics. 
6. Zoroerror is the difference between the outpul of an idealand an actual A/0 for zero input voltage; full-scaleerror is that i 
full-scale input voltage. 
7. 
Total unadjusted orror is the sum of linearity, zero, and full-scalo errors. 
8. Absolute accuracy error is the maximum differencebetween an analog valueand tho nominalmidstop value withinany step. This includesall 
errors including inherent quantization error, which is Ihe ±0.5 LSBuncertainly caused by the A'D converters finite rosolution. 
9. Ifchip-select sotup time, tsu(CSI'is '•*'In8n°-'4 microseconds. Iheeffective data output onable lime. Ien, may extend such thatt5u|CSI * 'en 
is equal to 
a maximum of 0.475 microseconds. 


i difference for 


7-108 
Texas 
Instruments 


POST OFFICE BOX 225012 • 
DALLAS. TEXAS 75265 


DATA 
ACQUISITION 
CIRCUITS 


TYPES TLC540M, TLC540I. TLC541M. TLC541I 
8-BIT ANALOGTODIGITAL PERIPHERALS 
WITH SERIAL CONTROL AND 11 
INPUTS 


LinCMOSTM Technology 


8-Bit Resolution A/D Converter 


On-Chip 12-Channel Analog Multiplexer 


Built-in Self-Test Mode 


Software-Controllable Sample and Hold 


Total Unadjusted Error ... ±0.5 LSB Max 


Direct Replacement for Motorola MC145040 


TYPICAL PERFORMANCE: 
TLC540 
TLC541 
Channel Acquisition Time 
2ps 
7ps 
Conversion Time 
10 iis 
19 ps 
Sampling Rate 
71 
x IO3 
29 x 103 
Power Dissipation 
6 mW 
6 mW 


description 


The TLC540 and TLC541 are LinCMOSTM A/D 
peripherals 
built 
around 
an 
8-bit 
switched- 
capacitor 
successive-approximation 
A/D 
converter. They are designed for serial interface 
to a microprocessor or peripheral via a three- 
state output with up to four control inputs 
[including independent System Clock, I/O Clock, 
Chip 
Select 
(CS), 
and 
Address 
Input]. 
A 
4-megahertz system clock for the TLC540 and 
a 2.1-megahertz system clock for the TLC541 
with 
a 
design 
that 
includes 
simultaneous 
read/write 
operation 
allow 
high-speed 
data 
transfers and sample rates of up to 71,910 
samples per second for the TLC540 and 29,144 
samples per second for the TLC541. In addition 
to the high-speed converter and versatile control 
logic, there is an on-chip 12-channel analog 
— 
multiplexer that can be used to sample any one 
of 11 inputs or an internal "self-test" voltage, 
and 
a 
sample-and-hold 
that 
can 
operate 
automatically or under processor control. 


The converters incorporated in the TLC540 and TLC541 feature differential high-impedance reference inputs 
that facilitate ratiometric conversion, scaling, and analog circuitry isolation from logic and supply noises. 
A totally switched-capacitor design allows guaranteed low-error (± 0.5 LSB) conversion in 10 microseconds 
for the TLC540 and 19 microseconds for the TLC541 over the full operating temperature range. 


The TLC540M and the TLC541M are characterized for operation over the full military temperature range 
of - 55 °C to 125 °C. The TLC540I and the TLC5411 are characterized for operation from - 40°C to 85 °C. 
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FK OR FN PACKAGE 


(TOP VIEWI 
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TYPES TLC540M, TLC540I, TLC541M, TLC541I 
8-BIT ANALOG-TO-DIGITAL PERIPHERALS 
WITH SERIAL CONTROL AND 11 INPUTS 


functional block diagram 


'< 


12CHANNEL 
ANALOG 


MULTIPLEXER 


SAMPLE 


AND 
HOLD 
i_L 


8-BIT 


ANALOG-TO-DIGITAL 
CONVERTER 
(SWITCHED-CAPACITORS) 


INPUT 


ADDRESS 


REGISTER 


OUTPUT 
DATA 


REGISTER 
,' 
> 


8-TO-1 DATA 


SELECTOR AND 
DRIVER 


DATA 
OUTPUT 


ADDRESS 


INPUT 


I/O 


CLOCK 


CS 


SYSTEM 


CLOCK 


operating sequence 


SELF-TEST 
REFERENCE 


INPUT 


MULTIPLEXER 


1234 
567 
8 


CONTROL LOGIC 
AND I/O 
COUNTERS 


1234 
567 


I/O 
CLOCK- 
, nnnnnnnni 
don-t;{care-i 
n n n n n n n n 
-ACCESS 
. 
CYCLEB 
' 
' 
CYCLEB 
ACCESS_«J 
L« 
SAMPLE. 
j" CYCLE C 
1 ! 
CYCLE C 
'i 
:~W, 


ADDRESS, 
input" 
ff7^)®®&- 


DON'T CARE 


DATA 
out" 


4 
PREVIOUS CONVERSION DATA A 
• 
MSB 
LSB 
MSB 


•^vHicsr 


-ff 
©•©©©" 
OON'T CARE 


Hl-Z STATE 
If 
B6 X^BS^B^B^B^BI X 


-CONVERSION DATAB 
MSB 


Hl-Z 
STATE 


NOTE A: The conversion cycle, which requires 40 system clock periods, is initlatod with tho 8th I/O clock 4-after CS i lor tho channol whose addross oxists 
in memory at that time. 
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TYPES TLC540M, TLC540I, TLC541M, TLC541I 
8-BIT ANALOG-TO-DIGITAL PERIPHERALS 
WITH SERIAL CONTROL AND 11 
INPUTS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vqc 'see Note 1) 
6.5 V 
Input voltage range (any input) 
-0.3 V to Vcc + 0.3 V 
Output voltage range 
-0.3 V to Vcc + 0-3 V 
Peak input current range (any input) 
±10 mA 
Peak total input current (all inputs) 
±30 mA 
Continuous total dissipation at (or below) 25 °C free-air temperature (see Note 2) 
875 mW 
Operating free-air temperature range: TLC540I, TLC541I 
-40°C to 85 °C 
TLC540M, TLC541M 
-55°C to 125°C 
Storage temperature range 
-65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: 
FK or J package 
300 °C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: 
FN or N package 
260°C 


NOTES: 
1. 
All voltage values are with respoct to digital ground with REF - and GND wired together (unless otherwise noted). 
2. 
For operation above 25°C froo-air temperaturo. see Dissipation Derating Curves, Section 2. In the J package. TLC540M and TLC541M chips 
are alloy mounted, TLC540I and TLC541I chips are glass mounted. 


recommended operating conditions 


TLC540 
TLC541 
UNIT 
MIN 
NOM 
MAX 
MIN 
rjo.M 
MAX 


Supply voltage. Vcc 
4.75 
5 
5.5 
4.75 
5 
5.5 
V 


Positive roforenco voltage. Vref + Isee Noto 31 
1.25 
vCc 
VCC+0.1 
1.25 
vcc 
Vcc-i-0.1 
V 


Negative reference voltage, Vref _ Isoo Note 3) 
-0.1 
0 
VCC-'25 
0.1 
0 
VcC"1-25 
V 


Differential reference voltage, 
Vref , 
- VRF_p . (see Noto 3) 
1 
VCC 
VCC+0.2 
1 
vcc 
Vcc +0.2 
V 


Analog input voltage (see Note 31 
0 
vCc 
0 
vCc 
V 


High-level control input voltago. V|h 
2 
2 
. 


Low-level control input voltago. V|l 
0.8 
0.8 
V 


Setup time, address bits at dala input 


before I/O CLKt. t3u(A| 
200 
400 
ns 


Setup timo, CS low before clocking in first 


address bit, tsu(CS) >see No,° 41 
2 
2 


System 


clock 


cycles 


Input/Output clock frequency. fCLKII/O] 
0.005 
2.048 
0 
0 525 
MHz 


Syslom clock froquency. fcLKISYSl 
'CLKII/OI 
'CLK(I'O) 
MHz 


Systam clock high, twH|SYSl 
i 10 
210 
ns 


System clock low. twnSYS) 
100 
190 
ns 


Input/Output clock high. twHll/OI 
200 
808 
ns 


Input/Output clock low. t.,vL(l/OI 
200 
808 
ns 


Clock transition lime 


Iseo Noto 51 


System 
'CLK1SYSI * W* kH* 
30 
30 
ns 
•CLKISYS) > 1048 kH' 
20 
20 


I/O 
'CLKII/OI s 525 kH/ 
100 
100 
ns 
'CLKII.'Ol > 525 kH* 
40 
40 


Oporating free-an 
TLC540M, TLC541M 
- 55 
125 
-55 
125 
°c 
tomporature, T/\ 
TLC540I. TLC541I 
40 
85 
-40 
85 


NOTES: 3. 
Analog input voltages greater than that applied to REF+ convert as all "1"s I11111111). whilo input voltagos less than that applied to REF- 
convert as all "0"s (000000001. For proper oporation, REF+ voltage must be at least 1 volt higher than REF- 
voltago. Also, adjusted errors 
may increase as this differential roforenco voltage falls below 4.75 volts. 
•I 
To minimize errors caused by noiso at the Chip Select Input, the intornol circuitry waits for two system clock cycles (or loss) after a chip select 
falling edge is detected before responding to control input signals. Therefore, no attempt should be made to clock-in address data until the chip 
solect setup time has elapsed. 
5. This is tho time required for the clock input signal to fall from V|n mm to V||_max or to riso from V|l max to V|n min. 
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TYPES TLC540M, TLC540I, TLC541M, TLC541! 
8-BIT ANALOGTODIGITAL PERIPHERALS 
WITH SERIAL CONTROL AND 11 INPUTS 


electrical characteristics over recommended operating temperature range, 
Vcc = Vref+ = 4.75 V to 5.5 V (unless otherwise noted), fCLK(l/0) = 2.028 MHz for 
TLC540 or fCLK(l/0) = 0.525 MHz for TLC541 


PARAMETER 
TEST CONDITIONS 
MIN 
TYPT 
MAX 
UNIT 


VOH 
High-level output voltage (pin 16) 
Vcc = 4-75 y. 
'OH - 360 pA 
2.4 
V 


VOL 
Low-level output voltage 
Vcc " 4-75 v. 
'0 * 3-2 mA 
0.4 
V 


'OZ 
Off-state (high-impedance state) 


output current 
Vo = VCC. 
CS at vcc 
10 
pA 
V0 • 0. 
CS at VCC 
-10 


•lH 
High-level input current 
V| = VCc * 0.3 V 
0.005 
2.5 
pA 


IlL 
Low-level input current 
V| = 0 
-0.005 
-2.5 
pA 


'cc 
Operating supply current 
CS at 0 V 
1.2 
2 
mA 


Selected channel leakage current 


Selected channel at Vcc. 


Unselected channel at 0 V 
0.4 
1 


pA 
Selected channel at 0 V, 


Unselected channel at Vcc 
-0.4 
-1 


!CC * Iref Supply and reference current 
VREF+ = vcc. CS at 0 V 
1.3 
3 
mA 


Ci 
Input capacitance 
Analog inputs 
7 
55 
pF 
Control inputs 
5 
15 


TAll typical values are at Ta = 25 °C. 


operating characteristics over recommended operating free-air temperature range, 
VCC = Vref+ = 4.75 V to 5.5 V, fCLK(l/0) = 2.048 MHz for TLC540 or 
0.525 MHz for TLC541, fCLK(SYS) = 4 MHz for TLC540 or 2.097 MHz for TLC541. 


PARAMETER 
TEST CONDITIONS 
TLC540 
TLC541 
UNIT 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Linearity error 
See Note 6 
±0.5 
= 0.5 
LSB 


Zero error 
See Note 7 
= 0.5 
= 0.5 
LSB 


Full-scale error 
See Note 
7 
= 0.5 
= 0.5 
LSB 


Total unadjusted error 
See Note 8 
= 0.5 
= 0.5 
LSB 


Self-test output code 
Input address = 1011 (All) 


(See Note 9) 


01111101 
10000011 


(125) 
(131) 


01111101 
10000011 


(1251 
(1311 


'conv 
Conversion time 
I 0 
19 
pS 


'acq 
Channel acquisition time 
4 
A 


I/O 


clock 


cycles 


Time output data 
tv 
remains valid after 


I/O clocki 


10 
10 
ns 


Delay time. I/O clock-l 


to data output valid 


See Parameter 


Measurement 


Information 


200 
400 
ns 


Output access time 
'ace 
(delay to valid output 
after chip select!) 


1 
3 
1 
3 


System 


clock 


cycles 


ten 
Output onable time 
150 
150 
ns 


t{jjs 
Output disable time 
150 
150 
ns 


tr(hUS) 
Data bus rise time 
300 
300 
ns 


tflbusl 
Data bus fall time 
300 
300 
ns 


NOTES: 6. 
Linearity error is the maximum deviation from the best straight lino through tho A/D transfer characteristics. 
7. 
Zero Error is the difference between Iho output of an ideal and on actual A/D for *oro input voltago; full-scale orror is that same dilterence lor 


full-scale input voltage. 
8. 
Total Unadjusted Error is the sum of linearity, zero, and full-scale errors. 
9. 
Both the input address and the output codes are expressed in positive logic. 
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UNDER TEST 


CL 
(SEE NOTE A) *J_ 


TYPES TLC540M, TLC540I, TLC541M, TLC541I 
8-BIT ANALOGTODIGITAL PERIPHERALS 
WITH SERIAL CONTROL AND 11 INPUTS 


PARAMETER MEASUREMENT INFORMATION 


TEST 
OUTPUT 
__ 


POINT 
UNDER TEST 


(SEE NOTE A)1—tz" 
_L_ 
>3kS2 
TD 
1 


(SEE NOTE Bl 


VCC 


UNDER TEST 


(SEE NOTE A|r 


-TEST POINT 


(SEE NOTE B) 


LOAD CIRCUIT FOR 


td. 'ace «r. «f 


LOAD CIRCUIT FOR 


«PZH ANDtpHZ 


LOAD CIRCUIT FOR 


«PZL AND «PLZ 


I/O 


CLOCK 


DATA 
OUTPUT 


OUTPUT 
WAVEFORM 1 
(SEE NOTE C) 


OUTPUT 
WAVEFORM 2 
(SEE NOTE C) 


«d—H 


-'PZL 
\-l--vcc 
•50% 
\ 
tf 
'PZH—H 
^50%" 


|«—«PLZ->I 


-'PHZ- 


(SEE NOTE Bl 


VOLTAGE WAVEFORMS FOR ENABLE AND DISABLE TIMES 


— 2.4 V 


--0.8 V 


VCC 


— 
OV 


-vCc 


— vol 


•- V0H 


— 
0 V 


VOLTAGE WAVEFORM FOR DELAY TIME 
VOLTAGE WAVEFORM FOR 
RISE AND FALL TIMES 


0.4 V 


NOTES: 
A. 
CL > 50 pF for TLC540 ond 100 pF for TLC541 


B- 'en • 
'PZH °' 'PZL- 'dis " 'PHZ °' 'PLZ 
C. 
Waveform 1 is for an output with internal conditions such that the output is low except when disabled by Iho output control. Waveform 2 
lor an output with Internal conditions such that the output is high oxcepl when disabled by the output control. 
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TYPES TLC540M, TLC540I, TLC541M, TLC541I 
8-BIT ANALOG-TO-DIGITAL PERIPHERALS 
WITH SERIAL CONTROL AND 11 INPUTS 


principles of operation 


The TLC540 and TLC541 are each complete data acquisition systems on a single chip. They include such 
functions as analog multiplexer, sample-and-hold, 8-bit A/D converter, data and control registers, and control 
logic. For flexibility and access speed, there are four control inputs [two clocks, chip select (CS), and 
address). These control inputs and a TTL-compatible 3-state output are intended for serial communications 
with a microprocessor or microcomputer. With judicious interface timing, with TLC540 a conversion can 
be completed in 10 microseconds, while complete input-conversion-output cycles are being repeated every 
14 microseconds. With TLC541 a conversion can be completed in 19 microseconds, while complete input- 
conversion-output cycles are repeated every 35 microseconds. Furthermore, this fast conversion can be 
executed on any of 11 inputs or its built-in "self-test," and in any order desired by the controlling processor. 


Though they can be operated "tied" together, the System Clock and I/O Clock are normally used 
independently, with no special phase or speed relationship to be considered. This allows integrated circuit 
operation to continue independent of serial Input/Output timing, permitting manipulation of the I/O Clock 
as desired for a wide range of software and hardware needs. 


The 110 Clock, Data Input, and Data Output are controlled by CS. It floats the 3-state output and shuts 
off signals to other control inputs while it is high. This allows any pins except pin 1 5 to share lines with 
other integrated circuits. A normal control sequence is as follows: (1) CS goes low; (2) a new positive- 
logic multiplexer address is clocked in through the address input on the first four I/O Clock rising edges 
while previous conversion results are brought out on the first seven I/O Clock falling edges. Input and output 
most-significant bits (MSB) are first, with the output MSB available at the start of the cycle; (3) the on- 
chip sample-and-hold begins sampling a newly addressed input after the 4th falling edge, and goes into 
the hold mode on the 8th falling I/O Clock edge just before conversion; (4) CS must then go high or the 
I/O Clock must remain low for at least 40 system clock cycles to allow conversion. A new address may 
then be loaded or the previous conversion results read any time CS is brought low, but it should be noted 
that any pending conversion may stop. 


The instant that the TLC540 or TLC541 holds a sample of the analog input, conversion can be determined 
under software control (or by external logic), by keeping the 8th I/O Clock cycle high. Any output data 
will have already been shifted out, and TLC540 or TLC541 will continue sampling a new analog input. 
At the desired time, the I/O Clock signal can then be lowered freezing the voltage and turning off all analog 
inputs. In this manner, signals can be sampled at precise intervals for a wide range of comparison or 
q 
processing applications, in muchthe same manner as a strobe light is used to determine enginespeed. 
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DATA 
ACQUISITION 
CIRCUITS 


LinCMOS™ Technology 


8-Bit Resolution A/D Converter 


Differential Reference Input Voltages 


Conversion Time . . . 19 ps Max 


• 
Total Access and Conversion 
Cycles ... 29,144 cps 


• 
On-Chip Software-Controllable 
Sample-and-Hold 


• 
Total Unadjusted Error . . . ±0.5 LSB Max 


• 
4-MHz Internal System Clock 


• 
Single 5-V Supply Operation 


• 
Low Power Consumption ... 6 mW Typ 


• 
Dual-ln-Line 8-pin Package 


description 


The TLC549 is a LinCMOS™ A/D Peripheral integrated circuit built around an 8-bit switched-capacitor 
successive-approximation A/D converter. It is designed for serial interface with a microprocessor or 
peripheral through a 3-state data output and an analog input. The TLC549 uses only the Input/Output Clock 
(I/O Clock) input along with the Chip Select (CS) input for data control. The I/O Clock input frequency 
of the TLC549 is guaranteed up to 525 kilohertz. 


Operation of the TLC549 is very similar to that of the more complex TLC540 and TLC541 devices; however, 
unlike the TLC540 and TLC541, the TLC549 provides an on-chip system clock that operates typically 
at 4 megahertz and requires no external components. The on-chip system clock allows internal device 
operation to proceed independently of serial input/output data timing, permitting manipulation of the TLC549 
as desired for a wide range of software and hardware requirements. The I/O Clock together with the internal 
system clock allow high-speed data transfer and sample rates of up to 29,144 cycles per second. 


Additional TLC549 features include versatile control logic, an on-chip sample-and-hold circuit that can 
operate automatically or under processor control, and a high-speed converter with differential high- 
impedance reference voltage inputs that ease ratiometric conversion, scaling, and analog circuit isolation 
from logic and supply noises. Design of the totally switched-capacitor successive-approximation converter 
circuit allows guaranteed low-error conversion of 
±0.5 least-significant bit 
(LSB) in less than 
19 microseconds. 


The TLC549M is characterized for operation over the full military temperature range of - 55 °C to 125 °C. 
The TLC549I is characterized for operation from -40°C to 85°C. 


TYPE TLC549 
LinCMOSTM 8-BIT ANALOG-TO-DIGITAL 
PERIPHERAL WITH SERIAL CONTROL 
D2816, NOVEMBER 1983 


P DUAL-INLINE PACKAGE 


(TOP VIEWI 


2 
7 


3 
6 


4 
5 


REF+ £ 
ANALOG IN£ 
REF- £ 
GNDfJ 


DVcc 
3 INPUT/OUTPUT CLOCK 
3 DATA OUT 
DCS 
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TYPE TLC549 
LinCMOSTM 8-BIT ANALOGTODIGITAL 
PERIPHERAL WITH SERIAL CONTROL 


functional block diagram 


ANALOG 
(2) 


INPUT 


I/O CLOCK 


(1) 


8 
(3) 
8-BIT 
ANALOGTO 


DIGITAL 


CONVERTER 
(SWITCHED- 
CAPACITORS) 


OUTPUT 


DATA 


REGISTER 


SAMPLE 


AND 
HOLD 


(2) 
8-TO-1 DATA 


SELECTOR 
AND 
DRIVER 


' 
A 
/ 


i 
1 


INTERNAL 
SYSTEM 


CLOCK 
CONTROL 
LOGIC 


AND 
OUTPUT 


COUNTER 


(5) 


(7) 


operating sequence 


16) 
DATA 
OUTPUT 


I 1 | 2 ! 3 I 4 
I 5 I G | 7 | 8 
| 1 | 2 I 3 | 1 
I 5 | 6 I 7 | 3 
c&K^^j~LTUTs\j\j\rLn i °°n-t;w-i jijiji_nj-i_n_rLrL 
' 
U-ACCESS-^ U— SAMPLE 
J 
t 
*j 
g 
>^4-ACCESS_»j C 
SAMPLE 
J 
== 
I 
CYCLE B 
' I 
CYCLE B 
i (See Note Al» 
I 
I 
CYCLE C 
, j 
CYCLE C 
| 
J-/I 
1* 
'wHICSI 
•L// 
1 


<1 
PREVIOUS CONVERSION DATA A 
• 
< 
CONVERSION DATA B 
» 
MSB 
LSB 
MSB 
MSB 
LSB 
MSB 


NOTE A: 
The conversion cycle, which requires 40 system clock periods, is initiated with tho Bth I/O clock * alter CS I lor the channel whoso address exists 
in memory at that time. 


absolute maximum ratings over recommended operating free-air temperature range 
(unless otherwise noted) 


Supply voltage, Vcc 'see Note 1) 
6.5 V 
Input voltage range at any input 
-0.3 V to Vcc+ 0-3 V 
Output voltage range 
- 0.3 V to Vcc + 0.3 V 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2) 
725 mW 
Storage temperature range 
-65°C to 150°C 
Operating free-air temperature range: TLC549M 
-55°C to 125°C 
TLC549I 
-40°C to 85°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds 
260°C 


NOTES: 1. Allvoltago values are with respect to the network ground terminalwith the REF- and GNDterminalpinsconnected together, unless otherwise noted. 
2. 
For operation above 25°C refer to the Dissipation Derating Tables. Section 2. 
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recommended operating conditions 


TYPE TLC549 
LinCMOSTM 8 BIT ANALOG-TO-DIGITAL 
PERIPHERAL WITH SERIAL CONTROL 


MIN 
NOM 
MAX 
UNIT 


Supply voltage, Vcc 
3 
5 
6 
V 


Positive reference voltage, Vref + 'see Note 3) 
1.25 
VCC 
Vcc.O.l 
V 


Negative reference voltage, Vref- (see Note 3) 
-0.1 
0 Vcc_1.25 
V 


Differential reference voltage. Vref + - Vref- 'see Note 3) 
1 
VCC 
VCC-0.2 
V 


Analog input voltage (see Note 3) 
0 
VCC 
V 


High-level control input voltage. Vm 
2 
V 


Low-level control input voltage, V|(_ 
0 
8 
V 


Peak input current, lj 
10 
mA 


Input/Output clock frequency. fCLK(i/0) 
0 
525 
kHz 


Input/Output clock high, twH(l/0) 
808 
ns 


Input/Output clock low. twL(l/0) 
808 
ns 


Input/Output clock transition time. tt(|/Q) (see Note A) 
100 
ns 


Duration of CS input high slate during conversion. twH(CSI 
19 
,.s 


Operating free-air temperature. T^ 
TLC549M 
-55 
125 
°C 
TLC549I 
-40 
85 


NOTES: 3. Analoginput voltages groatorthan that appliedto REF 4 convert as allones I111111111, whileinput voltages loss than that appliedto REF - 
convert to all zeros (000000001. For proper operation, the positive roferenco voltage Vref +. must be at least 1-volt greater than the negative 
reference voltage Vref - •ln addrton. unadjusted errors mayincrease as thedifferential reference voltage Vref « - Vref - •,alls below 4.75volts. 
4. This is the time required for the input/output clock input signal to fall from V|H min to V||_max or to rise from V(Lmax to V|n min. 


electrical characteristics over recommended operating free-air temperature range, 
VCC = Vref+ = 4.75 V to 5.5 V, fCLK(l/0) • 525 kHz (unless otherwise noted) 


PARAMETER 
TEST CONDITIONS 
MIN 
TYPT 
MAX 
UNIT 


VOH 
High-level output voltage 
VCc :r 4-75 V. 
'OH • 
-360 uA 
2.4 
V 


vol 
Low-level output voltage 
VCc " 4-75 V. 
lOL 
3-2 mA 
0.4 
V 


ioz 
Off-state (high-impedance 


state) output current 
Vo • Vcc 
cs a< VCC 
10 
V 
V0 • 0, 
CS at VCc 
-10 


l|H 
High-level 


input current 
Control inputs 
V| = VCc +0.3 V 
0.005 
2.5 
mA 


'IL 
Low-level 


input current 
Control inputs 
V| • 0 
-0.005 
-2.5 
pA 


'llonl 
Analog channel on-state input 


current, during sample cycle 


Analog input at Vcc 
0.4 
1 
pA 
Analog input at 0 V 
- 0.4 
-1 


'cc 
Operating supply current 
CS"at 0 V 
1.2 
2 
mA 


'cc* ref Supply and reference current 
Vref+ 
= vCc 
1.3 
3 
mA 


c, 
Input capacitance 
Analog inputs 
7 
55 
pF 
Control Inputs 
5 
15 


'All typicals are at T^ = 25 "C. 
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TYPE TLC549 
LinCMOSTM 8-BIT ANALOGTODIGITAL 
PERIPHERAL WITH 
SERIAL CONTROL 


operating characteristics over recommended operating free-air temperature range, 
VCC = Vref+ = 4.75 V to 5.5 V, fCLK(i/0) = 525 kHz (unless otherwise noted) 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNIT 
Linearity error 
See Note 5 
±0.5 
LSB 


Zero error 
See Note 6 
r0.5 
LS3 


Full-scale error 
See Note 6 
r0.5 
LSB 
Total unadjusted error 
See Noto 7 
= 0.5 
LSB 


'conv 
Conversion time 
19 
ps 


'acq 
Channel acquisition time 
4 


I/O 


Clock 


Cycles 


'v 
Time output data remains 


valid after I/O clockl 
10 
ns 


td 
Delay time, internal system 


clock to data output valid 
400 
ns 


'ace 
Output access time (Delay to 


valid output after CS|I 
975 
ns 


'en 
Output enable time 
150 
ns 


'dis 
Output disable time 
150 
ns 


'r(bus) 
Data bus rise time 
300 
ns 
'f(bus) 
Data bus fall time 
300 
ns 


NOTES: 5. Linearity error is the deviation from the best straight line through the A/D transler characlerisiic! 
6. Zero error is the difference between the output of an ideal and an actual AIDconverter for zero input I 
for full-scale input voltage. 
7. 
Total unadjusted error is the sum of linearity, zero, and full-scale errors. 


; full-scale error is that same difference 
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TYPE TLC7126 
LinCMOS^ SINGLE-CHIP 3 1/2-DIGIT LOW-POWER 
A/D CONVERTER AND LCD DRIVER 
D2748. OCTOBER 1983 


LinCMOS™ Technology 


Zero Reading With O-V Input on All Scales 


Precision Null Detection With True Polarity 
at Zero 


1 pA Typical Input Leakage Current 


True Differential Input and Reference 


Direct LCD Display Drive, No External 
Components Required 


Low Noise: Less Than 15 /tV Peak-to-Peak 


On-Chip Clock and Reference 


No Additional Active Circuits Required 


Convenient 9-V Battery Operation With Low 
Power Dissipation, Less than 1 mW 


Pin Compatible With the Intersil ICL7106 
and Teledyne TSC7106, Direct Replacement 
for ICL7126 and TSC7126A 


Vs 


10's 


100's 


I40 3 osci 


39 T OSC2 
38 3 OSC3 
37 ] TEST 
36 3 REF HI 
35 3 REF LO 
34 DCre( + 
33 3 Cref - 
32 3 COMMON 
31 3 IN HI 
30 3 IN LO 
29 J AUTO ZERO 
28 3 BUFF 
27 3 INT 
26 3 VCC - 
25 3 2G (TENS) 
24 J 3Cl 
23 3 3A J> 100'S 
22 3 3Gj 
21 3 BACKPLANE 


description 


The TLC7126, operating with externallyconnected passive elements, is a versatile high-performance low-power 
3 1/2-digit dual-slope-integrating analog-to-digital (A/D) converter. All the necessaryactive devices are contained 
on a single LinCMOS™ integrated circuit including seven-segment decoders, display drivers, backplane driver, 
reference, and clock. The device is designed to interface with a liquid-crystal display (LCD). The supply current is 
100 microamperes maximum and is suited for 9-volt battery operation. 


The TLC7126 is characterized by accuracy, versatility, and economy. Accuracy is obtained by an automatic 
compensation for zero offset toless than 10 microvolts, a zero-reading temperature coefficient less than 1 microvolt/°C, 
an inputbiascurrentof 10 picoamperes maximum, and a rollover error of less than one count. Applications include 
the conversionof analog data from high-impedance sensors of pressure, temperature, light, moisture, position, and 
manyothers.Analog-to-digital conversion logic provides display signals forweight scales, thermometers, light-level 
indicators, and many other applications.Bychangingthe passive components, an ICL7106 socket can be upgraded 


to TLC7126. 


The TLC7126 will be characterized for operation from 0°C to 70 °C. 


Copyright © 1983 by Texas Instruments Incorporated 
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TYPE TLC7126 
LinCMOSTM SINGLE-CHIP 3 1/2-DIGIT LOW-POWER 
A/D CONVERTER AND LCD DRIVER 


functional block diagram (with external components) 
-IBBB 
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TYPE TLC7126 
LinCMOS^ SINGLE-CHIP 3 1/2-DIGIT LOW-POWER 
A/D CONVERTER AND LCD DRIVER 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage (Vcc + with respect to Vcc -). VCC 
15 V 
Voltage range for any input except clock (see Note 1) 
Vcc - t0 VCC+ 
Clock input voltage range 
TEST t0 VCC + 
Continuous total power dissipation 
1000 mW 
Operating free-air temperature range 
0°C to 70 C 
Storage temperature range 
-65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds 
260°C 


NOTE I: Input voltages may exceed Ihe supply voltages providedthe input current is limitedto : 100 jiA. 


recommended operating conditions 


MIN 
NOM 
MAX 
UNIT 


VCC 
Supply voltage 
9 
V 


Vre( 
Reference input voltage 
FS (full scale) 
- 
200 mV 
100 


FS= 
2 V 
1 
V 


Full-scale input voltage 
ZVref 
V 


V| 
Input voltage, differential input 
vcc- 
1 VCC i -0-8 


Cre( 
Releronce capacitor 
0.1 
pF 


Cz 
Auto-zero Capacitor 
0.033 
0.32 
pF 


Cx 
Integrator Capacitor 
0.047 
0.15 
pF 


Rs 
Integrator Resistor 
FS =200 mV 
180 
kl) 


FS 
= 
2 
V 
1.8 
MS! 


T/\ 
Operating free-air temperature 
0 
70 
"C 


electrical characteristics, Vcc = 9 V, fclock = 16 kHz, TA = 25 °C (un ess otherwise no ed) 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP' 
MAX 
UNIT 


Common-mode rejection ratio 
V|C = ±1 V. 
V|D = 0. 


FS 
= 200 mV 
50 
pVIV 


Peak-to-peak output noise voltago 
V| = 0. 
FS = 200 mV 
15 
pV 


Input leakage current 
V| 
0 
1 
10 
PA 


Scale factor temperaturo coefficient 
V| = 199 mV, 
Ta = 0 to 70°. 


See Note 2 
1 
5 
ppm/°C 


Temperature coefficient of analog common voltage 
250 kO between COMMON and Vcc 
35 
75 
ppm/°C 


Peak-to-peak segment drive voltage (see Note 3) 
4 
5 
6 
V 


Peak-to-peak backplane drive voltage (see Note 3) 
4 
5 
6 
V 


Supply curront (see Note 41 
V| = 0 
50 
100 
pA 


Power dissipation capacitance 
See Noto 5 
40 
pF 


'This is the value not exceeded 95% of ihe time. 
NOTES: 
2. 
This is measurod using a fixed external reference voltage. 
3. Bockplane drive is in phase with segment drive for a turned-ofl segment. 180° out of pha 
20 times the conversion rate. The average dc component is loss than 50 mV. 
4. 
This does not include curront through tha common torminal. Duringtho auto-zoro phaso, current is 10 to 20 pAhigher. Use of a 48-kHz oscillator 
increases current by typically 8 >:A 
5. This can beused to determine theno-load dynamic power dissipation. PD • Cpd'Vcc2'f +'CC,VCC- 


lurned-on segment. BackplBne frequency is 
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TYPE TLC712B 
LinCMOSTM SINGLE-CHIP 3 1/2-DIGIT LOW-POWER 
A/D CONVERTER AND LCD DRIVER 


operating characteristics over recommended operating free-air temperature range, Vcc = 9 V 


PARAMETER 
TEST CONDITIONS 
MIN 
TYP' 
MAX 
UNIT 
Zero-input digital reading 
V| 
- 
0. FS 
= 200 mV 
-0.000 
r 0.000 
-<-0.000 
Ratiometric digital reading 
V| = Vfet = 100 mV 
999 
999/1000 
1000 
Rollover error (see Note 6) 
V| _ 
= V| + * 200 mV 
i0.2 
=1 
Count 
Linearity error 
FS 
- 
200 mV or 2 V 
±0.2 
±1 
Count 


Zero-reading temperature coefficient 
V| = 0. 
Ta = 0° to 70°C 
0.2 
1 
pVI"C 


NOTE6: Difference in reading lor equal positive and negative reading near lull scale. 


ANALOG 
input y\ 
VOLTAGE 


PARAMETER MEASUREMENT INFORMATION 


vCc • 9 v 


ID 
(26) 


(20) 


ioknS*<- 
(36) 


vCc+ 


REF HI 


REF LO 


COMMON 


INLO 


IN HI 


OSC1 


OSC2 


OSC3 


C,ef+ 


C,ef- 


AUTO ZERO 


BUFF 


VCC- 
POL 


1A 


1B 


IC 


1D 


1E 


1F 


1G 


2A 


2B 


2C 


20 


2E 


2F 


2G 


3A 


3B 


3C 


3D 


3E 


3F 


3G 


4AB 


BP 


(5) 


1 Mn 
—W\—* 


(35) 


(32) 


(30) 


'0.1 pF 


(40) 


(34) 


0.1 uF 
(33) 
ne 
0.33 uF i/ 
(29) 
If 


(28) 


0.15 uF 
fc 


(27) 


<4) 


(31 


(2) 


181 


(01 


(7) 


(12) 


(10) 


(9) 


(14) 


(13) 


(25) 


(23) 


(16) 


(24) 


(15) 


(18) 


(17) 


(22) 


(19) 


(21) 


>-7- 
24 
/ 9 9.9 


FIGURE 2-TEST CIRCUIT (CLOCK = 16 kHz, 1 READING PER SECOND) 
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ANALOG 
INPUT 
«^ 


VOLTAGE 


1 Mil 
7-Wv- 


(36) 


(35) 


(321 


(30) 


;0.1 uF 


(31) 


(40) 


50 pF 
-!(• 


(38 


(34) 


0.1 uF 
(33) 


022 pF 
(29) 


180kn (28) 


* 


(27 


0.47 uF 


TYPE TLC7126 
LinCMOSTM SINGLE-CHIP 3 1/2-DIGIT LOW-POWER 
A/D CONVERTER AND LCD DRIVER 


VCC •= 9 V 


(1) 


VCC+ 


REF HI 


REF LO 


COMMON 


INLO 


IN HI 


OSC1 


OSC2 


0SC3 


Cref+ 


Cr0f- 


AUTOZERO 


BUFF 


(26) 


VCC- 
POL 


1A 


IB 


1C 


1D 


IE 


1F 


1G 


2A 


2B 


2C 


2D 


2E 


2F 


2G 


3A 


3B 


3C 


3D 


3E 


3F 


3G 


4AB 


BP 


(20) 


(5) 


(4) 


131 


(21 


(81 


(6) 


(71 


(12) 


(10) 


(9) 


(14) >-7- 
/ 999 


(25) 


(23) 


(16) 


(24) 


(15) 


(18) 


(17) 


(22) 


(19) 


(21) 


FIGURE 3-TEST CIRCUIT (CLOCK 
•= 48 kHz. 3 READINGS PER SECOND) 


PRINCIPLES OF OPERATION 


The principles of operation of the TLC7126 are similar to the combined operation of the TL500C and 
TL502C.The TLC7126 has an analog section similar to TL500C and a digitalsection similar to TL502C 
(see functional block diagram). Each measurement cycle is dividedinto three phases. The phases are auto 
zero, integrate input, and integrate reference. 


auto-zero phase 
Thecyclebeginsat the end of the integrate-reference phase whenthe digital sectioncontrol logic applies 
a low-level signal to the analog section. This actioninitiates three switching operations: IN HI and IN LO 
signals are disconnected from the input pins and internally shorted to analog COMMON; the reference 
capacitor Cref charges to the reference voltage; and a feedback loop is connected fromthe comparator 
output to the integrator input. The feedback loopcharges the auto-zerocapacitor, Cz, to compensate for 
offset voltages inthe bufferamplifier, integrator,and comparator. Since the comparator is includedinthe 
loop, the auto-zero accuracy is limited only by the system noise. 
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TYPE TLC7126 
LinCMOSTM SINGLE-CHIP 3 1/2-DIGIT LOW-POWER 
A/D CONVERTER AND LCD DRIVER 


integrate input phase 


Attheendoftheauto-zero phase, thedigital section control logic output goeshigh andoperates theanalog 
sectionswitchesto openthe feedback loop, removes theinternal shortfrom input toCOMMON, andapplies 
IN HI and IN LO signals to the analog section input. The converter thenintegrates the differential voltage 
between IN HI and IN LO for a fixed time. This differential voltage can vary within a wide common-mode 
range(i.e., within a voltof eithersupply). Theintegratedsignal polarity isdetermined at the end of thisphase. 


integrate reference phase 


Aftera predetermined numberofcounts, the digital sectionoperates the analogsection switches to connect 
IN LO to analog COMMON andIN HI to thepreviously charged reference capacitor, Cref- Cref discharges 
returning the integrator output to zero. Thetimerequired for the output to return to zero is proportional 
to the differential input signal. The digital reading displayed will be 1000 V|/Vref. 


Digital-section timing may be controlled by an external RC network, crystal, or oscillator (see Figure 4). 
The clock frequency is divided by four priorto clockingthe decade counters and is further divided to time 
the three phases of operation (refer to Figure 1). The timing for the three phases uses 1000 counts for 
the signal integrate phase, 0 to 2000 counts for the integrate reference phase, and 1000 to 3000 counts 
for theauto-zero phase.For digital readings oflessthanfull count, auto-zero time gets the unused portion 
of integratereference. This makesa full measure cycleof 4000 counts (16,000 clock pulses). Forthree 
readout updates per second, an oscillator frequency of 48 kilohertz is required. 


The backplane frequency istheclock divided by800. For three readout updates persecond, thebackplane 
signal isa 60-hertz squarewave with a nominal amplitude of 5 volts. Toturn on a segment, the segment 
drive signal must be out of phase with the backplane signal. 


test 


Thetest output has two possiblefunctions. Itisconnectedto an internal supplythrougha 500-ohmresistor, 
thus itcan beusedas the negative supply forexternally generated segmentdrivers such as decimal points 
or anyother presentation the usermaywantto include onthe LCD display. No morethan a 1-microampere 
load should beapplied. Thesecondfunction isthelamp test. When TEST ispulled high (Vcc). all segments 
are turned on displaying -1888. The TEST pin will sink about 10 miliiamperes under these conditions. 


FROM 
EXTERNAL- - 
OSCILLATOR 


TO COUNTERS 


NOTE: 
This (igure showsallthreeexternal control circuits connected: however, only oneexternal circuit Icrystal. RC network oroxtornal oscillator) isconnected 
for proper operation. 


FIGURE 4-CLOCK CIRCUITS 
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TYPE TLC7126 
LinCMOSTM SINGLE-CHIP 3 1/2-DIGIT LOW-POWER 
A/D CONVERTER AND LCD DRIVER 


external component selection guide 
The integrating resistor, Rx, should belarge enough tomaintain linear drive current from thebuffer amplifier 
and integrator, but small enoughto minimize leakage currents. For a 2-volt scale, 1.8 megohm is near 
optimum and for the 200-millivolt full scale, a 180-kilohm resistor is correct. 
The integrating capacitor, Cx, should beselected togive the maximum voltage swing without saturation. 
For three readoutupdates persecond (48-kilohertz clock), the nominal valueforCx is0.047 microfarad; 
for onereadout update persecond (16-kilohertz clock), the nominal value is0.15 microfarads. Capacitor 
values should bechanged in inverse proportion tochanges in oscillator frequency. The integrating capacitor 
shouldhavelowdielectric absorption to preventroll-over errors.Polypropylene capacitors giveundetectable 
errors at reasonable cost. At three readout updates per second, a 750-ohm resistor should be placed in 
series with Cx to compensate for comparator delay. 


The size of the auto-zero capacitor, Cz, affects the system noise. On the 200-millivolt scale, a 
0.32-microfaradcapacitor is recommended. Onthe 2-voltscale, a 0.033-microfarad capacitor decreases 
the recovery time from overload and is adequate for noise on this scale. 
Areference capacitor, Cref, of 0.1 microfarad is suitable for most applications. If a largecommon-mode 
voltage exists (reference-low pin is notat the same potential as analog COMMON) and a 200-millivolt 
scaleisused,a larger Cref isrequired to prevent roll-over error. A1-microfarad capacitor will usually hold 
the roll-over error to 0.5 count in this case. 


For all rangesof oscillator frequency, a 50-picofarad capacitor isrecommended andthe resistorisselected 
using the relationship f = 0.45/RC. 
R = 180 kilohm for a 48-kilohertz clock. The analog input voltage for a full-scale output (2000 counts) 


is V| = 2 Vref. 
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Appendix 


ORDERING INSTRUCTIONS AND MECHANICAL DATA 


ORDERING INSTRUCTIONS 


Electrical characteristics presented in this data book, unless otherwise noted, apply for the circuit type(s) listed in 
the page heading regardless of package. The availability of a circuit function ina particular package is denoted by 
analphabetical reference above thepin-connection diagram(s). These alphabetical references refer tomechanical outline 


drawings shown in this section. 


Factory orders for circuits described inthis data book should include afour-pan type number asexplained inthefollowing 


example. 


EXAMPLE: 


1. I Prefix 
f 


MUST CONTAIN TWO OR THREE LETTERS 
TL 
TI Linear Products (Excluding Interface) 
TLC 
TI Linear Silicon-Gate CMOS Products 
SN 
TI Special Function or Interface Products 


STANDARD SECOND-SOURCE PREFIXES 
ADC 
Analog Devices 
OP 
PMI 
LM 
National 
RC, RM or RV .... 
Raytheon 
MC 
Motorola 
SG 
Silicon General 
NE, SA, or SE 
Signetics 
/<A 
Fairchild 


/Unique Circuit Designator Including Temperature Range 
(If not already specified by the prefix) 
> 


MUST CONTAIN THREE TO SEVEN CHARACTERS 


(From Individual Data Sheets) 


Examples: 
062M 


594I 


532AI 


3. (Package)- 


28867 


78L05AC 


MUST CONTAIN ONE OR TWO LETTERS 


D, FH, FK, FN, J, JD, JG, KC, LP, LU, N, P. U, or W 
(From Pin-Connection Diagram on Individual Data Sheet) 


4. (mIL-STD-883B, Method 5004, Class Bj 


OMIT/883B WHEN NOT APPLICABLE 


062M 
/883B 


Circuitsare shipped in one of the carriers below. Unlessa specificmethodof shipment is specififedby the customer 
(with possible additional costs), circuits will be shipped on the most practical carrier. 


Dual-ln-Line (D, J, JD, JG, N, P) 
Plug-In (LP, LUI 


—Slide Magazines 
—A-Channel Plastic Tubing 


— Barnes Carrier 
-Sectioned Cardboard Box 


— Individual Cardboard Box 


—Barnes Carrier 


—Sectional Cardboard Box 


—Individual Cardboard Box 


Chip Carriers (FH, FK, FN) 
-Anti-Static Plastic Tubing 


Flat (U, W) 


— Barnes Carrier 
-Milton Ross Carrier 


TO-220AB (KC) 


— Sleeves 


X 
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MECHANICAL DATA 


D plastic dual-in-line packages 


Each of these dual-in-line packages consists of acircuit mounted on a lead frame and encapsulated within a plastic 
compound. The compound will withstand soldering temperature with no deformation, and circuit performance 
characteristics will remain stable when operated in high-humidity conditions. Leads require no additional cleaning or 
processing when used in soldered assembly. 


8-PIN D PLASTIC 


5.79 (0.2281 
4.01 10.1581 


3.81 (0.150) 
± 


EM. 


.p b tr 


NOM 


PLACES 
qe 
Epro 
ii 
0.102 (0.0041 


0.79 (0.031) 
JU 


PIN SPACING 


1.27 (0.0501 


(Saa Not. AI 


tfIr NOM 


4 PLACES 


TSs 


0.229 (0.009) 


0.178 (0.0071 


_v 


4* 14' 


1.12(0.0441 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


8.74 (0.344) 


8.53 10.336) 


FTH Fl R R R F 
' 


5.79 13.2281 
4.01 (0.1581 


3.81 (0.1501 


14 
8 


' 
7 


I 
. 
ill LU id id id y iz 


J 
0.203 (0.008) 
0.102 (0.0041 


0.79 (0.031) 


NOM 


PLACES 
Ts 


II OJHIO, 


-PIN SPACING 


1.27 (0.0501 


(Saa Noia A) 


Jf 


7' NOM- 


4 PLACES V 
h. 


4° • 4' 


1.12(0.0441 


ALL LINEAR DIMENSIONS ARE INMILLIMETERS ANDPARENTHETICALLY IN INCHES 


NOTE A: Each pin cenierline islocated within 0,25(0.010) ofitstruo longitudinal position. 


NOT TO SCALE 
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MECHANICAL DATA 


FH and FK ceramic chip carrier packages 


Both versions ofthesehermetically sealed chip carrier packages have ceramic bases. The FH package isanall-ceramic 
package with a glass seal. The FK package has a three-layer base with a metal lid and braze seal. 
The packages are intended for surface mounting on solder lands on 1,27 (0.050) centers. Terminals require no additional 
cleaning or processing when used in soldered assembly. 


FH and FK package terminal assignments conform to JEDEC Standards 1 and 2. 


FH AND FK CERAMIC CHIP CARRIER PACKAGES 


(28-torminal package shown) 


Hi 


CERAMIC CHIP CARRIERS 


JEOEC 
OUTLINE 
DtSIClNATION' 


NO. OF 
TERMINALS 


A 
MIN 
MAX 


B 
MIN - 
MAX 


MS004CB 
20 
8.69 
9.09 
I0.342I 
IO 358) 


7.80 
9.09 
(0 3071 
10.3581 


MS004CC 
28 
11,23 
11.63 


10.4421 
10.458) 
(0 406) 
(0 4581 


•All dimensions and notes lor the specified JEDEC outline apply. 


miumMU 
WShU- 
Ph*«-«_\ 
0.56 


1.14 10 0451 
r 
0.89 (0.0351 


1.14(0.046) 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 
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MECHANICAL DATA 


FN plastic chip carrier package 


Each of these chip carrier packages consists of acircuit mounted on alead frame and encapsulated within an electrically 
nonconductive plastic compound. The compound withstands soldering temperatures with no deformation, and circuit 
performance characteristics remain stable when the devices are operated in high-humidity conditions. The packages 
are intended for surface mounting on solder lands on 1,27 (0.050) centers. Leads require no additional cleaning or 
processing when used in soldered assembly. 


FN PLASTIC CHIP CARRIER PACKAGE 


(28-terminal package shown) 


NO. OF 
TERMINALS 
A 
MIN 
MAX 
MIN 
B 
MAX 
MIN 


c 
MAX 


20 
9.70 
(0.3821 
10.03 
(0.3951 
8.89 
(0.350) 
9.04 
(0.356) 
8.08 
(0.318) 
8.38 
(0.330) 


28 
12.24 
(0.482) 
12.57 
(0.495) 
11.43 
(0.450) 
11.58 
(0.456) 
10.62 
(0.418) 
10.92 
(0.430) 


18 
17 
16 
15 
14 
13 
12 


1 


1.27(0.050) y 45* 
NOM 


4.06 (0.160) 


1.14 (0.045) 
0.63 (0.025) 
-2.41 (0.0951 MIN 


0.25 (0.010) R 


MAX 


0.46 (0.018) 
0.36(0 014) 


152 (0.060) MIN 


26 
27 
28 
1 
o 


1.14 (0.0451 X45° 
NOM 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


Z 


1.19(0.047) 
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MECHANICAL DATA 


J ceramic dual-in-line packages 


Each of these hermetically sealed dual-in-line packages consists of a ceramic base, ceramic cap, and a lead frame. 
Hermetic sealing is accomplished with glass. The packages are intended for insertion in mounting-hole rows on 
7,62 (0.300) centers (see Note A). Once the leads are compressed and inserted, sufficient tension is provided to secure 
the packagein the boardduringsoldering.Leadsrequire no additional cleaning or processing when used insoldering 


assembly. 


14-PIN J CERAMIC 


0.63 10.025) R NOM 


©@©©©©© 
I A 
A 
A 
A 
A 
A 
A 


v 
v 
y 
o 
v 
c 
v 
©©©©©©© 


0.51 (0.0201 MIN-. 
1.78 10.0701 MAX 14 PLACES 


|- SEATINGPLANE 


«_- 
90" 
^**' PLACco 
.. 
r*r^ 
0,356 10.014) 


0.76 (0.0301 MIN 


14 PLACES 
M8JO023) ,4PLACES 
0.38(0.0151 


0,203 (0 008) 


14 PLACES 


3.30 10. 


MIN 
2.54 10 1001 
1.78 10.0701 PIN SPACING 254 (0,100) T.P. 
4 PLACES 
(Sea Note AI 


Falls Within JEDEC TO-116 and MO-001AA Dimensions 
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


16-PIN J CERAMIC 


0.63 10.025) R NOM 


19,94 (0.785) 
19.18 (0.755) 
©@©@@©©@ 
in.k fl & A jj, £ j 


©®®©©®©© 


1.78 I0 070I MAX 16 PLACES 


0.70 (0.030) MIN 


12 PLACES 
1' 
0.58(0.023) .6pLACES 
*;* 0.38(0.0151 '6PLACES 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOTE A: Each pin centerline is located within 0,25 (0.0101 of its true longitudinal position. 


NOT TO SCALE 


NOT TO SCALE 
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MECHANICAL DATA 


20-PIN J 
CERAMIC 


7.37 (0.2901 


7.62 IOJO0I 


-H U- 
- 
1.27 10 


SEA1ING PLANE 


0,63 10 0251 R NOM 


@©@©©©©©©© 


PWVWWW 
©©@©©©0©©© 


— 1,78 (00701 MAX 20 PLACES 
051 I0.0Z0I 
», 
^ 
j 


-L 
HH 


; 


0.38 100151 
1,27 10 050),, 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 
NOT TO SCALE 


ceramic dual-in-line packages —side-braze (JD) 


This is a hermetically sealed ceramic package with a metal cap and side-brazed tin-plated leads. 


JD CERAMIC 


0.51 (0.0201-1 
MIN 
I 


u 
2.54 10.1001 T.P 


PIN SPACING 
IS.. N'll. AI 


1.02(0 0401 


0,53 10 0211 


" 
-^_ 
PINS 
DIM 
---—_^_ 
28 
40 


A 
± 0.25 (0.010) 
15.24 (0.600) 
15.24 (0.6001 


B MAX 
36.8 (1.45) 
52.1 (2.05) 


C NOM 
15.0 (0.590) 
15.0 (0.590) 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOTE A: Each pin centerline is located within 0.25 (0.010) of its true longitudinal position. 
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NOT TO SCALE 


MECHANICAL DATA 


JG ceramic dual-in-line package 


This hermetically sealed dual-in-line package consists of a ceramic base, ceramic cap, and a lead frame. The package 
is intended for insertion in mounting-hole rows 7,62 (0.300) centers (see Note A). Once the leads are compressed 
and inserted, sufficient tension is provided to secure the package in the board during soldering. 


8-PIN JG CERAMIC 


0.63 (0.025) H NOM 


©00© 


WW 
O000 


1.27 (0.050) NOM 
1.78 10.070) MAX 8 PLACES1 
-GLASS 
SEALANT 


SEATING PLANE- 


5.08 (0.200) 


MAX 
.1 
^ 
J dot 


0.356 (0.014) 
-*\r 
0.203 (0.008) 
3M<0.130) 
8 PLACES 
M|N 


0.51 (0.0201 


MIN 


0.38 (0.015) 


4 PLACES 


H 
• 0.76 (0.030) MIN 


8 PLACES 


0.381 (0015) 


8 PLACES 


PIN SPACING 
-254 (0.100) T.P. 
(Sea Noli A) 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOTE A: Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 


X 
3 
c 
CD 
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Q- 
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MECHANICAL DATA 


LP and LU plastic packages 


These packages each consists of a circuit mounted on a lead frame and encapsulated within a plastic compound. 
The compound will withstand soldering temperature with no deformation and circuit performance characteristics remain 
stable when operated in high-humidity conditions. Leads require no additional cleaning or processing when used in 
soldered assembly. 


SEATING PLANE 


t—«l 
1.27(0.060) 
ISM Note A) 
f r~ 
3.43(0.135) 


MINi_ 


5.211Hti- 
5.34 10.2101 


1.27 


(0O50 


-3 LEADS 
0,43. 0.13. - 0.03 WIDE 
0.38 : 0.03 THICK 


10 017 • 0 005. -0 001 WIDE 
0015 1 0001 THICK' 


Falls Within JEDEC TO-226AA Dimensions 
(TO-226AA Replaces TO-92) 
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


LU PLASTIC 


£— 1.27 100501 Dl A NOM 


0.38 (0.015) 


P, NOM 


3 LEADS 
0.43-0.13.-0 03 WIDE 
0.38 : 0.03 THICK 
10017 • 0.005. -0001 WIDE 
0015 • 0.001 1IIICKI 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOTE A: Lead dimensions are not controlled within this area. 
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MECHANICAL DATA 


N plastic dual-in-line package 


Each of these dual-in-line packages consists of a circuit mounted on a lead frame and encapsulated within a plastic 
compound. The compound will withstand soldering temperature with no deformation, and circuit performance 
characteristics will remain stable when operated in high-humidity conditions. The packages are intended for insertion 
in mounting-hole rows on 7,62 (0.300) or 15,24 (0.600) centers (see Note A). Once the leads are compressed and 
inserted, sufficient tension is provided to secure the package in the board during soldering. Leads require no additional 
cleaning or processing when used in soldered assembly. 


14-PIN N PLASTIC 


7.62 : 0.25 
(0.300! 0.0101 


6.35 ; 0.25 


10 250 • 0 1)101 


2.0 10.0601 NOM 


0.25 10.0101 
NOM 


— 
SEATING PLANE 


0.2S > 0,08 


10 011 i 0 0031 


14 PLACES 


Sea Noun B end C) 


2.4 
10 0931 R NOM 


2.8 10.110) NOM - 


3.17 10.1251 MIN 


2.03: 0.51 


10 080 i 0 0201 


4 PLACES 


18.010.7101 
©©©©©©© 
•"i ^ 
r 
••"• 
-^ -- r- 


KJ U -J KJ WW 
©©©©©©© 


1.78 10.0701 MAX 14 PLACES 


0.457 1 0.076 


0 018? 0.0031 


14 PLACES 
SaaNoltiBandCI 


FilliWilhm JEDEC 10 U6.lraJ EIA MO 001AA Oimeniwni 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


16-PIN N PLASTIC 


Parts may be supplied in accordance 
with the alternate side view at the 
option of TI plants locaied in Europe. 
In this case, the overall length of the 
package is 22.1 (0.8701 max. 


.4 ". 
.'. 
V 
•• 


®©@@©©@© 
riAr^Arir^r^rg 


©0®©©©0® 


h™ 


T 
1' 
1 
*'"* "*—4MAMMAAP 
t inniMiflF 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOT TO SCALE 


NOT TO SCALE 


A. Each pin centerline is located within 0.25 (0.010) of its true longitudinal position. 
B. This dimension does not apply for solder-dipped leads. 
C. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0,51 (0.020) above 
seating plane. 
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MECHANICAL DATA 


N plastic dual-in-line packages (continued) 


18-PIN N PLASTIC 
:;< 
- BO MAX 


6.99 10^751 MAX 


2J8I0D93I P.NOM- 


4.06 (0.1601 NOM - 


0©0©©©©©0 


O00000O0© 


2.03 10 0801 NOM 
1.71 10 070) MAX 18 PLACES 
-i r 


0.25 (0 0101 NOM 
5,08 10.200) MAX 


SEATING PLANE • 


Jl* 0.279 • ( 
"I 
10.011 !( 
' 0.076 
! 0 003) 
18 PLACES 
ISm Hoi.i 0 and Cl 


3.17 10.1251 MIN 


1.91I0075l_t. 
0.23 10.0091 


4 PLACES 


I 
I 


«fl U- 0.89 (0 035) MIN 
It PLACES 


— 
0.457 I 0.076 
(0.018 ! 0 003) 
18 PLACES 
ISm Nam B and C) 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


20-PIN N PLASTIC 


®©@©@@@@@© 


-3 


o©®©®®©®©© 


-i h-'. 
i io era: max to nxci $ 


i 
i 


.LJi.. 


-HI—.' 
»7 . 0.071 


OPIACCS 


Parts may be supplied in accordance 
with the alternate side view at the 
option of TI plants locatd in Europe. 
In this case, the overall length of the 
package is 26,7 (1.050) max. 


9 
* 
—1 
t-vvonuiMHM*, 


r 
"'"— 
1 1 


• 
•*—\AAAAAAAAA^ 
t 
TTiniYYTiflF 


in 
MB 
.mi 


til mm—« 
1.0II0 6MI 
•— 
rifWACUfO 2-MfO tOOl T/ 
(to -..« A) 


0.07* 
00OJ) 
MHACll 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOTES: 
A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 
B. This dimension does not apply for solder-dipped leads. 
C. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0,51 (0.020) above 
seating plane. 
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N plastic packages (continued) 


28-PIN N PLASTIC 


C___3 


T- 


-SEA1ING PLANE 


0.46! 0,08_JL 
10 018 • 0O03I 
PIN SPACING J.54 10 1001 IP 
ISaa Null A) 


- 36,611.4401 MAX - 


ljlji 
n 
n 
n 
J u 
l_i u 
ui i_i lj—ft— 
©©©©®®©®©®©©@@ 


-0.84 10.0331 MIN 
I, 
1.27I 0.51 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


40-PIN N PLASTIC 


r, 


- 53.1 12.0901 MAX - 
TInnnnnnnr 


EITHER ORBOTH<"* 
INDEX MARKS \^ 


' 


ji._iL.Jl 
JI 
Tt 
I! 
ii.JULJL.JLJl 
li.li'T' 


-SEATING PLANE- 


rr n 


1.52 10 0601 NOM - 


5,08 (OJOO) MAX 


3.17 10.1251 MIN 
||L -0,84 (0.0331 MIN 


2.41 (0.0951 
"1.40 100551 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOTE A: Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 
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MECHANICAL DATA 
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MECHANICAL DATA 


P dual-in-line plastic package 


This dual-in-line package consists of a circuit mounted on a lead frame and encapsulated within a plastic compound. 
The compound will withstand soldering temperature with no deformation, and circuit performance characteristics remain 
stable when operated under high-humidity conditions. The package is intended for insertion in mounting hole rows 
on 7,62 (0.300) centers. Once the leads are compressed and inserted, sufficient tension is provided to secure the 
package in the board during soldering. Leads require no additional cleaning or processing when used in soldering 
assembly. 


8-PIN P PLASTIC 


7,62 (0.300) TP 


6.35 • 0.026 
j 
"(0.250: 0.010! 


zr 


5.08 10 200 


MAX 


SEATING PLANE-f- 
GAUGE PLANE 


0,76 10 030) 


a 
10.2 (0.400I MAX 
al 


© 
O 
0 
O 
nnnn 


o 
uuuu 
© 
© 
© 
© 


1.78 10 0701 MAX 


8 PLACES 


J0.51 10,020 


MIN 
4 
0,84 10 0331 MIN 


8 PLACES 


0,00 10.0001 


0.28 • 0.08 
10011 -00031 


8 PLACES 


1-3,17 10.1251 


MIN 
2,54 10 100) T.P 


6 PLACES 
IS" Nairn A) 


_ 0,457 ! 0.076 
"(0 018 : 0 0031 


8 PLACES 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOTE A: Each pin centerline is within 0,13 (0.005) radius of true position at the gauge plane with maximum material condition and unit 


installed. 
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MECHANICAL DATA 


U ceramic flat packages 


This flat package consists of a ceramic base, ceramic cap, and lead frame. Circuit bars are alloy mounted. Hermetic 
sealing is accomplished with glass. Leads require no additional cleaning or processing when used in soldered assembly. 


10-PIN U CERAMIC 


0.076 10 0031 


10 LEADS 


- 
r- 


25.4 11.0001 
13,0 10.750) 


0.381 (0 0151 


10 LEADS 


7.62 (0.3001 
(Sea Noia B) 


5 
g 
Si 
Si t~ 


PIN SPACING 
1.27 (0.050) T P. 
(Saa Nolo A) 


<^w 
w 
w 
w 


_£f ^_0.64 10.025! 
6.35(0.2501—V 
0,00(0000) 
O000© 


Falls Within JEDEC MO-004AE Dimensions 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOTES: 
A. Leads are within 0.005 radius of true position (TPI at maximum material condition. 
B. This dimension determines a zone within which all body and lead irregularities lie. 
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MECHANICAL DATA 


W ceramic flat packages 


These hermetically sealed flat packages consist of an electrically nonconductive ceramic base and cap and a lead 
frame. Hermetic sealing is accomplished with glass. Leads require no additional cleaning or processing when used 


in soldered assembly. 


14-PIN W CERAMIC 
©@@0©©© 


•_ -L-L-^-TrW 


..-. - 
- 
• atiojui 
*1 •onTooiw 
liaToTSf. 
' 
anAcu 
©©©©©©© 


Falls Within JEDEC MO-004AA Dimensions 
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


16-PIN W CERAMIC 
©©©©©©©© 


-- 
©©©©©©0® 
Falls Within JEDEC MO-0O4AG Dimensions 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOTES: 
A. Leads are within 0,13 (0.005) radius of true position (TP) at maximum material condition. 
B. This dimension determines a zone within which all body and lead irregularities lie. 
C. Index point is provided on cap for terminal identification only. 
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Texas Instruments 
Semiconductor Technical Literature 


TTL Data Book, Vol. 1, 1984, 
336 pages. 
Product guide for all TI TTL 
devices, functional indexes, 
alphanumeric index, and general 
information. 


TTL Data Book, Vol. 2, 1984, 
1,000 pages. 
Detailed specificationsand appli 
cation information on the TI 
family of Low-power Schottky 
(LS), Schottky (S), and standard 
TTL logic devices. 


TTL Data Book, Vol. 3, 1984, 
792 pages. 
Detailed specifications and appli 
cation information on the TI 
family of Advanced Low-power 
Schottky (ALS) and Advanced 
Schottky (AS) logic devices. 


TTL Data Book, Vol. 4, 1984, 
416 pages. 
Detailed specifications and appli 
cation information on the TI fam 
ily of bipolar field-programmable 
logic (FPL), programmable read 
only memories (PROM), random- 
access memories (RAM), micro 
processors, and support circuits. 


High-speed CMOS Logic Data 
Book, 1984, 580 pages. 
Detailed specificationsand appli 
cation information on the TI 
family of High-speed CMOS logic 
devices. Includes product selec 
tion guide, glossary, and alpha 
numeric index. 


Linear Circuits Data Book, 
1984, 820 pages. 
Detailed specifications on opera 
tional amplifiers, voltage compar 
ators, voltage regulators, data- 
acquisition devices, a/d convert 
ers, timers, switches, amplifiers, 
and special functions. Includes 
LinCMOS™ functions. Contains 
product guide, interchangeability 
guide, glossary, and alphanumeric 
index. 


Interface Circuits Data Book, 
1981, 700 pages. 
Includes specifications and 
applications information on TTL 
logic interface circuits, as well as 
product profiles on the line 
drivers/receivers and peripheral 
drivers. 


Optoelectronics Data Book, 
1983, 480 pages. 
Contains more than 300 device 
types representing traditional 
optoelectronics (IREDs, LEDs, 
detectors, couplers, and displays), 
special components (avalanche, 
photodiodes, and transimpedance 
amplifiers), fiber optic compo 
nents (sources, detectors, and in 
terconnecting cables), and new 
image sensors (linear and arrays). 


MOS Memory Data Book, 1984, 
456 pages. 
Detailed specifications on 
dynamic RAMs, static RAMs, 
EPROMs, ROMs, cache address 
comparators, and memory con 
trollers. Contains product guide, 
interchangeability guide, glossary, 
and alphanumeric index. Also, 
chapters on testing and reliability. 


TMS7000 Family Data Manual, 
1983, 350 pages. 
Detailed specifications and appli 
cation information on Tl's family 
of microprogrammable 8-bit 
microcomputers. Includes archi 
tecture description, device opera 
tion, instruction set, electrical 
characteristics, and mechanical 
data. TMS7000 microcomputers 
include versions in CMOS and 
SMOS and with on-board UART. 


TMSxxxxx Microcomputer Data 
Manuals 
These manuals contain detailed 
specifications and application in 
formation on specific TMSxxxxx 
microcomputers and peripherals. 
Include architecture description, 
device operation, instruction set, 
electrical characteristics, and 
mechanical data. 


Assembly Language 
Programmer's Guides. 
TMS32010, 1983, 160 pages. 
TMS99000, 1983, 322 pages. 
TMS7000, 1983, 160 pages. 
Include general programming in 
formation, assembly instructions, 
assembler directives, assembler 
output, and application notes. 


TMS32010 User's Guide, 1984, 
400 pages. 
Detailed application information 
on the TMS32010 Digital Signal 
Processor. Detailed reference 
manual on use of the TMS320 
instruction set. Data sheets 
included. 


Fundamentals of Microcomputer 
Design, 1982, 584 pages. 
University textbook. Subjects 
include microprocessors, software, 
instruction sets, microcomputer 
programming, high-level lan 
guages, hardware features, micro 
computer memory, and I/O 
design. A design example is 
included. 


Understanding Series™ Books 
The Understanding Series books 
form a library written for anyone 
who wants to learn quickly and 
easily about today's technology, 
its impact on our world, and its 
application in our lives. Each 
book is written in bright, clear, 
down-to-earth language and 
focuses on one aspect of what's 
new in today's electronics. 
Engineering concepts and theory 
are explained using simple 
arithmetic. Technical terms arc 
explained in layman's language. 
Ideal for self-paced, individualized 
instruction. Currently 13 different 
titles in the series. 


Write for current availability and 
prices to: 
Texas Instruments 
Information Publishing Center 
P.O. Box 225012 MS-54 
Dallas, TX 75265 


April 1984 


NOTES 


TI Sales Offices 


ALABAMA: Huntsville. (205) 8)7-75)0. 


ARIZONA: Phoeni.. (602) 995-1007. 


CALIFORNIA: Irvine. (714) 6601200. Sacramento. 
(9161929-1521; San Diego.(714)IJWfSOOl Sana Clara. 
(406)980-90001 Torrance.(211)971.2571:Woodland I1UU. 
(2U) 704-7759. 


COLORADO: Aurora, ()0)) 695-2800. 


CONNECTICUT: Wallingford. 120)) 269-0074. 


FLORIDA: Ft. Lauderdale. (105) 97)8502: Mailland, 
()05) 6*0-4600. Tampa. (81)) 870-6420. 


GEORGIA: Atlanta. (404) 452-4600. 


ILLINOIS: Arlington Heights. OI2) 640-1000. 


IOWA: Cedar Rapid.. ()I9) 395-9550. 


MARYLAND: Baltimore. ()0I) 944-8600. 


MASSACHUSETTS: Wallham. (617) 895-9100. 


MICHIGAN: Farmington Hill.. ()13) SS3-IS0O. 


MINNESOTA: Edina, (612) 8)0-1600. 


MISSOURI: Kansas City. (816) 52)2500: St. Louis. 
014) 569-7600. 


NEW JERSEY: Clark. (201) 574-9800. 


NEW MEXICO: Albuquerque. (505) 145-2555. 


NEW YORK: East Syracuse, 015) 46)9291. Endicott. 
(607) 754-1W.V.Melville. (516) 454-6KV. Poughkccp.it. 
1914) 471-2900: Rochester. (716) 424-54CO. 


NORTH CAROLINA: Charlotte. (7041 52709JO: 
Raleigh. (919)876-2725. 


OHIO: Deachwood. (216) 464-6100. Dayton, 
(51)) 258-1877. 


OKLAHOMA: Tulsa. (918) 250-06)). 


OREGON: Deavenon, (50J) 64)-6758. 


PENNSYLVANIA: Ft. Washington. (215) 64)6450. 
Coraopolis, (412)771-8550. 


TEXAS: Austin, (512) 250-7655; Houston. (71)) 778-6592. 
Richardson. (214) 680-5082;San Antonio, (512) 496-1779. 


UTAH: Murray, (801) 266-8972. 


VIRGINIA: Fairfax. (70)) 849-1400. 


WISCONSIN: Brookfield, (414) 785-7140. 


WASHINGTON: Redmond. (206) 88I-J080. 


CANADA: Ncpcan. Ontario (61)) 726-1970.Richmond 
Hill. Ontario (416) 884-9181:Si. Laurent. Quebec 
(514) 1)4)6)5. 
F 


TI Regional 
Technology Centers 


CALIFORNIA: Irvine. (714) 660-8140. Hotline: 
1714) 660-8164. Santa Clara (408) 748-2220. Hotline: 
(408) 980-0)05. 


GEORGIA: Atlanta. (404) 452-4682. Hotline: (404) 452-4686. 


ILLINOIS: Chicago. (112)640-2909. Hotline: 012) 228-6008. 


MASSACHUSETTS: Boston, (617) 890-6671, Hotline: 
(617) 890-4271. 


TEXAS: Dallas. (214) 680-5066. Hotline: (214) 680-5096. 


TI Distributors 


Tl AUTHORIZED DISTRIBUTORS IN U.S.: 
Arrow Electronics 
Diplomat, Inc. 
ESCO Electronics 
GeneralRadioSupplyCompany 
Graham Electronics 
Hail-Mark Electronics 
Harrison Equipment Co. 
International Electronics 
JACO Hectronics 
Kierulff Electronics 
LCOMP, Incorporated 
Marshall Industries 
MilgrayElectronics 
Newark Electronics 
Rochester Radio Supply 
Time Electronics 
R. V. Weatherford Co. 
Wyle Laboratories 


TI AUTHORIZED DISTRIBUTORS IN 
CANADA: 
CESCO Electronics, Inc. 
Future Electronics 
ITT Components 
L A. Varah, Ltd. 


ALABAMA: Attovv (205) 882-27)0; Marshall (205) 
. 
881-92)5. 


ARIZONA: Phoenia, Am>w (602) 968-4800; Kierullf (602) 
241-4101. Marshall (602) 968-6181. Wyle (602) 249-22)2; 
Tucson. Kierullf (602) 624-9986 


CALIFORNIA: Us Angeles/Orange County, Attow (21)) 
701-7500. (7141 818-5422. Kteruln'(2D) 725-0)25. (714) 
7)1-5711; Marshall (2IJ) 999-5001, 1211) 442-7204.1714) 
5566400. R.V. wcatherfotd (714) 6)4-9600. (2D) 849-3451, 
(714) 621-1261; Wyle (211) S22-8I00, (714) 861-995); 
Sacramento, Arrow(916) IH-74M I, • ,*I6) 6)8-5282; 
San Diego. Arrow (61"> '•!'• WC iTnilH 1619) 278-2112; 
Marshall (619) 578-9600. Wyle (619) 565 9171: San 
Francisco Bay Area. Anew (408) 745-6600. Kierullf (415) 
968-6292:Marshall(408) 732-1100;Wyle(408) 727-2500: 
Santa Barbara. R. V. Weallicrfotd (805) 965-8551. 


COLORADO: Attow (KM)696-1111;KierullfO01) 
790-4444; Wyle (>0» 457-995). 


CONNECTICUT: Arrow(20)) 265-7741:Diplomat(20)) 
797-9674; Kierulff (203) 265-1115; Marshall (20)1265-)822. 
Milgmy (203) 795-0714. 


FLORIDA: Ft. Lauderdale,Arrow()05) 776-7790.Diplomat 
O05) 974-8700. Kierulff (105) 486-4C04; Otlando. Atrow 
(105) 725-1480.MiIct.ivO05) 647-5747.Tampa, Diplomat 
(811) 44)4514; Kierulff (81)1 576-1966. 
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GEORGIA: Attow (404) 449-8252, Kicniltt (404) 447-5252, 
Marshall (404) 921-5750. 


ILLINOIS: Attow 012) )97-)440. Diplomat 012) 595-ICOO. 
Hall-Marl. (112) 860-3800; Kierulff 012) 640-0200; Newark 
()12) 6)8-4411. 


INDIANA: Indianapol". Arrow()17) 241-9)5); Graham 
017) 6)4-8202: Ft. Wayne. Graham (219) 42)-1422. 


IOWA: Attow ()I9) 195-72)0. 


KANSAS: Kansas Cily. Hall-Mark (913) 888-4747; Wichita. 
LCOMP (116) 265-9507. 


MARYLAND: Anew (301)247-5200. Diplomat (301) 
995-1226;Kierulff(101) 6)6-5800; Milgray1)01) 468-6400. 


MASSACHUSETTS: Arrow(617) 9)3-81 JO.Diplomat(617) 
935-6611; Kicrulfi (617) 6674331; Marshall (617) 272-8200; 
Time (617) 9J5-80S0. 


MICHIGAN: Detroit. Atrow (JD) 971-8220; Marshall (Jl J) 
525-5850.Newark(ID) 967-OfjOO; Grand Rapids. Arrow 
(616) 243-0912. 


MINNESOTA: Arrow (612) 830-1800, Hail-Mark (612) 
854-322); Kierulff (612) 941-7500. 


MISSOURI: KansasCily. LCOMP(816) 221-2400;St. 
Louis. Arrow (1141 567-6888. Hall-Matk ()I4) 291-5350. 
Kierullf 014) 739-0855. 


NEW HAMPSHIRE: Atrow (603) 668-6968. 


NEW JERSEY: Atrow (201) 575-5300,(609) 596-8000; 
Diplomat (201) 785-1830, General Radio (609) 964-8560; 
Kierulff (201) 575-6750: Marshall (201) 882-0320. (609) 
2)4-9100; Milgray (609) 98)-50l0. 


NEW MEXICO: Arrow (505) 241-4566; International 
Electronics (505) 345-8127. 


NEW YORK: Long Island, Arrow(516) 211-1000.Diplomat 
(5161454-6334;JACO 1516)271-5500;Marshall(516) 
271-2424; Milgtay (516)420-9800; Rochester. Ami. (716) 
275-0300. Marshall (716)2)5-7620.Rochester RadioSupply 
(716) 454-7800.Syracuse. Arrow015) 652-IOCO: Diplomat 
015) 652-5000: Marshall (607) 7541570. 


NORTH CAROLINA: Atrow (919) 876)1)2. (919) 
725-8711: Kierultf (919) 872-8410. 


OHIO: Cincinnati, Graham (51)) 772-1661: Hall-Matk (513) 
561-5980. Cleveland.Atrow(216)248-3990; Hall-Mark (216) 
349-46)2: Kierullf (216) 587-6558. Columbus, Hall-Matk 
(614) 891-4555. Dayton, Attow (51)1 4)5-556); ESCO (51)) 
226-11)3; Marshall (511) 236-8088. 


OKLAHOMA: Arrow (918) 665-77CO. Hall-Mark (918) 
665-1200. Kierulff (918) 252-7537. 


OREGON: Arrow(50)) 6S4-7690:Kieiulff(503) 641-9150; 
Wyle (50)) 640-6CC0. 


PENNSYLVANIA: Arrow (412) 856-7000, (215) 928-I8CO. 
General Radio (215) 922-70)7. 


TEXAS: Austin, Atrow (512) 8)5-4160; Hall-Matk (512) 
258-8848; KicnM (512)8)5-2090.Dallas,Attow(214) 
186-7500. Hall-Matk 1214) 141-1147, International Elec 
tronics (214) 2)1-912); K.cmlff (214) 143-2400. Wyle. (214) 
2)5-995); El Paso. International Electronics (915) 598-1406; 
Houston. Arrow (71)) 5)0-4700; Hall-Matk (71)) 781-6100; 
Harmon Equipment(7D) 879-2600; Kierullf(71)) 5)0-70)0. 


UTAH: Diplomat(801) 486-41)4; Kierulff(601) 971-691); 
Wyle (801) 974-9953. 


VIRGINIA: Arrow (804) 282-0413. 


WASHINGTON: Arrow (206) 641-4800, Kierulff (206) 
575-4420; Wyle 1206) 451-8100. 


WISCONSIN: Arrow (414) 764-6600. Hall-Matk (414) 
761-1000. Kierulff (414) 784-8160. 


CANADA:Calgary. Futute(401)486-0974; Varah(401) 
2)012)5. Hamilton. V.i,:,h (416) 561-9)11; Montreal, 
CESCO (514) 7)5-5511; Futute 1514) 694-7710; ITT 
Components (514) 7)5-1177: Ottawa. CESCO (611) 
226-690): Futute (61)) 820-8) 1); ITT Components (61)) 
226-7406; Varah (61)) 592-4728; Quebec Ciry. CESCO (418) 
687-42)1. Toronto. CESCO (416) 661-0220. Future (416) 
66)-556); ITT Components (416) 6)0-7971; Vancouver. 
Futute(60414)8-5545;Varah(6041873-3211; ITT Compo 
nents (604) 270-7805;Winnipeg.Varah (204) 633-6190. 
BF 


TI Worldwide 
Sales Offices 


ALABAMA: Huntsville.SOO Wvnn Delve,Suite514. 
HuntsvUle. AL 35805. (205) 837-7530. 


CALIFORNIA: Irvine. I78JI Cartwnght Rd., Irvine. CA 
"2714. (714) 660-1200. Sacramento. 1900 IW West Way, 
Suite 171. Sacramento. CA 95815. (916) 9291521. San 
Diego.4133View RidgeAve.. Suite B., San Diego.CA 
92121. (714) 278-9600; Santa Clara. 5)5) Betsy Ross Dl.. 
Santa Clara. CA 95054. (408) 9S0-9OO0. Torrance. 19505 
HamiltonSt.. Bldg A. Suite I. Torrance.CA 905C2.(211) 
"71-2571. Woodland Hills. 21220 Erwin St.. Woodland Hills. 
CA 91167.1211)704-7759 


COLORADO: Aurora, 1400 S. fWnac Ave . Suite 101. 
Aurora. CO 80012. (301) 695-2800. 


CONNECTICUT: Wallingford.9 BarnesIndusmal [ark 
Rd.. Barnes Industrial Park. Wallingford. CT 06492. (201) 
269-0074. 


FLORIDA: Ft. Lauderdale. 2765 N W. 62nd St.. Ft, 
Lauderdale. FL IJJ09. (105) 971-6502;MailUrvd. 2601 
Maitland Center parkway. Mailland. R 
12751. (105) 
660-4600. Tampa. 5010W. Kennedy Blvd..Suite 101.Tampa. 
FL 1)609.1811)870-6420 


GEORGIA: Atlanta. 1100Northeast E.pv. Building9. 
Atlanta. GA J0J4I. 1404) 452-4600. 


ILLINOIS: Arlington Heights. 515 W. Algiavquin. 
Ariirvgton Heights. IL 60O05. 0121640- 3000 


INDIANA: Ft- Wayne, 2020 lnw.nl Dr.. Ft. Wave*. IN 
46815. (219) 424-5174. IsstlianapoUs. 2146S Lynhuru. Suite 
J-400. Indianapolis. IN 46241.(117)243-8555. 


IOWA:CedarRapids.)7) CollinsRd NE.Suite200.Cola! 
Rapids. IA 52402. (119) 195-9550. 


MARYLAND: Baltimore, 1 Rutherford PL. 7111 Rutherford 
RA. Baltimore. MD 21207. (301) 944-8600. 


MASSACHUSETTS: Wartham. 504 Torren Pond Rd.. 
Waltham. MA 02154. (617) 895-9100. 


MICHIGAN: Farmington HiHa. 11717 V. 12 Mile Rd.. 
Farmingron Hills. MI 48018. (Ill) 551-1500. 


MINNESOTA: Edina. 7625 Parklawn. Edina. MN 55415. 
(612) 830-1600 


MISSOURI: Kansas City. S080 Ward Pkwy. KansasCity. 
MO 64114. (816) 5232500. Si. Louis. 11661 Westline 
Industrial Dnve. Sr. Louts. M061I4I. (314) 569.76CO. 


NEW JERSEY:Clark.292Terminal Ave.Weir.dark. NJ 
07066. (201) 574-9800 


NEW MEXICO: Albuquerque. 5907Ahce NSE. Suite E . 
AlH^uerque. NM S71I0. (505) 395-2555. 


NEW YORK: East Syracuse. 6700 Old Collaroc! RA. East 
Syracuse.NY 13057.(115) 463-9291.Endkotl. 112 
Nantscoke Ave.. P.O Bo« 6IS. Endscon. NY 11760. (607) 
754-39CO. MeKille. I Huntington Quadrangle.Suite 3CI0. 
P.O R.« 2")6. Melville. NY 11747. (516)454-6603. 
Poughkeepaie. 385South Rd.. IWvlecpic. NY 12601. (9141 
473-2900;Rochester. 1210Jeftetvin Rd.. Rochcsrer. NY 
14621. (716) 424-54CO. 


NORTH CAROLINA: Charlotte. 6 Woodlawn Green. 
W..«llawn Rd . ChatUre. NC 28210. (704) 527-0930; 
Raleigh. 2609 Highm.J. Blvd.. Suite 1C0.Raleigh. NC 
27625. (9|0) 876-2725. 


OHIO: Beachwood. 23406 Commerce Rirk Rd.. Bcachswjal. 
OH 44122. (216) 464-61CO. Davtoo. KtngsleyBldg . 4124 
Linden Ave.. Dayton.OH 45412. (511) 258-1877. 


OKLAHOMA: Tulsa. 7615 East 61nl Place. 1 Memonal 
Place. Tulsa. OK 74111. (918) 250-0611. 


OREGON. Beaverton.6700 SW lOilh St„ Suite 110, 
Heavcnon.OR97005, (501)641-6758. 


PENNSYLVANIA: Ft. Washington. 260 New York Dt.. Ft. 
Washington. PA 19014.(2151641-6450.CoraopolU. 420 
Rouwr Rd, 1Airpott OttscePark.Oitaopulis. PA 15108. 
(412) 771-8550 


TEXAS: Austin. 12501 Research Blvd.. P.O Boa 2909. 
Austin. TX 7872). (512) 250-7655: Richardson. 1001 E 
CampbellRd . Richardson.TX 750-0. 12141 680-508.'. 
Houston. 9100 S».lh.r,i liw, . Suitr 2)7. Houston, TX 
77016. (7111 778 6592. San Anionics 1000 Central Park.a, 
S nth, SM Antonio. TX 78212. (5121496-1779. 


UTAHi Murray. 5201 South Gtcen SE. Suite 200. Murray. 
UT 84107. (801)266-6972. 


WISCONSIN: BrooktWId.450N Sunny Slope. Suite 150, 
Broolncld. Wl 53005. (414) 785 7140 


WASHINGTON: Redmond. 272) 152nd Ave.. NE. Bldg. 6. 
Redmond. WA 98052. (206) 881-1080. 


CANADA: Nepean. 101 Mnodse Dnvt, Malkin Center. 
Nepean. Oniano,Canada. K2H9C4. 1611) 7261970. 
Richmond Hill. 280 I SentsTSi. E.. Richmond Hill L4CIB1. 
Ontario. Canada. (416) 884-9161. St. Laurent. V.lle Si 
Lautent Quebec. 9460 Trans Canada Hwy . Sr. Laurent. 
Quehet. Canada1I4SIR7. (5141 1)4 36)5 
F 


ARGENTINA. Teia. Invlrumenrs Atgennna S A I CF. 
Esmeralda \)0. 13th Fk««. 10)5 Buenos Aires. Argentina. 
U4-296I 


AUSTRALIA (6. NEW ZEALAND). Teiai Insnumenu 
Australia Ltd 
610 Taia.eia Rd , North Ryde iSrdneyl New 
South Wale.. Australia 211). 02 •887-1122; 5th Floor.418 
Sr. Kllda Road. Melh«ne. Vulneta. Australia 1004. 
0) • 267-4677. 171 Philir Htfhwn F.li:ahrlh. South Australia 
l+jjj :.>e 


AUSTRIA. Tevas Inurnment, Ge, m b II 
Indusmotrabr 
ft'16. A-2M5 BruruvOeKrge. 22)6-846210. 


BELGIUM. Ten. Instruments N.V. Belgium S A. 
Mr,,„ir 
Centre. Raketsrraar 100. Rue de la Fusee. 1110 Brussels. 
Belgium.02/72.- V 00 


BRAZIL. Ten. Instruments Electron,..* do Bratil Ltda . A. 
FanaLima. 2001. 200 Andar-Pinhemvs. Cep-01451Sao 
Paulo. Bra:il. 815-6166. 


DENMARK. Teia, Instruments A-S. Manelundvri 461. 
I* 27)0 Hrilev. Denmark. 2 • 91 74 00. 


FINLAND. Teaas Instrument. Finland OY: PL 56. 00510 
Helsinki SI, Imland.(90)J0IJIJJ 


FRANCE. Teia, Instruments Frarve 
Headouartcrs and Plod 
Plant. BP05. 06270 VillerveuvT-Louber. 191) 2O0I-0I, ram 
Office. BP 67 8-10 Avenue M.«ane-Saulniet. 7.1141 W!,:> 
VillacouNay. (11946-97-12. LyonSalesOffxe. LWrr 
DEcully. Bailment B. Chemin de U rVsmticre, 69DC Ecully. 
(7) 8)1-34-40. Strasbourg SalesOffice. Le Sehasrop-I ). Quai 
Kleber.67055Strasbourg Cede.. (66) 2212-66, Rennev. 2) 25 
Rue du PunaMaugel.15100Rennet. I**) 79-54-81.Ti«dou»r 
Sales Oftce. LeFenpole—2. Chemindu Pigeonnier de la 
Cepsere. 311(30 Toulouse. (61)44-16-19. Marseille Sale. 
Oftce, Nelly Parades-146 Rue Paradn.11006Marseille.|9|) 
\: := to 
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GERMANY. Tcui Inttmmcnts IVutschland GmbH 
Hag 
gelly-stralse1, D-8050Fldiing. 08161-801;Kurfuctstrndamm 
195/196. D-IOCO Betlin 15. 0JO-8827J65. III. Hagen 4J/Kib- 
helilrasve. D-4W0 F>sen. 0201-24250. Frankfurter Alice 6-8, 
D-62J6 Evchbotn I. 06196-4)074; Hamburger Sttassc II. 
(1-2000 Hamburg 76. 040-2201154. Kitihhoritetsttasse 2. 
11 liWHant.wet 51, 0511-648021: 
Atabellasttaue 15, D-8CC0 Muenchen8l. 089-92141; May 
hachstra.se II. D-7102 Oufildem 2/Nellinsen. 0711-34010. 


HONGKONG! + PEOPLES REPUBLICOFCHINA), Tea 
Instniment. Asia Ltd 8th Fk.it. WorldShippingCtt . HaiKw. 
lit, 
7 Canton Rd. Kowltui. Hong Kong, la 722-1221 


ITALY. Teias Insnumenu ScmicondutloriItaliaSpa Viale IVile 
Stirn.-e. 1. 02015 Cittadutalr (Rietl). Italy. 0746 694.1; Via 
Salatia KM 24 (Palaito Coimal. Montcrotondo Seal., (Rome). 
Italy.06 9004195.Vialc Europa. 38-44.2039) Cologno Moruew 
(Milan,.). 02 25)2541 i .-- -.-.-.-rr... 1-5. lOIXTotin... Inly 
Oil 774545. V,a J Rar,^-,.6. 45IOOB.*«na. Italy. 051 155851. 


JAPAN. TeaasInstruments Asia Ltd 
4FAov»maFu|iBklg ,6-12. 
Km 
Aoyama 1-Chome. Minato-ku, 
Tokyo. 
Japan 107. 
0) 4'- 2lll.lXilil>ran.h.5F,Nii,h.>l.a>UIdg . JOImaSa.lu )• 
Chomr. Higlshilu. Osaka. Japan541. 06-204-1881. Nagoya 
Blanch. 7F Daini Toyota West Bldg.. 10-27. Meseki 4-Chome. 
Nalamuia lu. Nagiwa. Japan450. 052-581-8691. 


KOREA.TeiaiInstrument, SupplyOi-1Room201.Kwangpnieig 
Bldg . 24-1. Hwayaraj-Dorig. Sung Jonc-ku. Ill Seoul. Korea. 
02 • 464-6274/5. 


MEXICO,Te«a.lnvrrument,deMn.coS.A..r\«,iente 116. No 
489. Cosoma Valleso. Mem,.. D F. 02)00. 567-9200. 


MIDDLE EAST. Teia, ln.tn.nvmt. No II. 1st Floor Mannai 
Bldg . Diplomai,. Atca. Manama. P.O Boa 261)5, Bahrain. 
Arabian Gulf, 971-72 4681. 


NETHERLANDS. Tr.a, Insirumcnts Holland B.V.. P.O. Bo. 
12995. (Bulle.ul) I ICOAZ Amsletdam. Zuid-Oml. Holland 
(020) 5602911 
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PHILIPPINES. Tria, Inurnment, Asia Ltd 
14th Floor. Ba- 
Lcpanto Bldg . 8747 Paseodc Rosas. Malm. Mem, Manila. 
Philippines,882465 


PORTUGAL. Tens Instruments Euuipamento Electi.snui. 
[tt ratal. Ida 
RuaEng FredcrKo Ulnch. 2650MieriraDa 
Man. 4470 Maia, IWtugal. 2-9481001 


SINGAPORE ( • 
INDIA. INDONESIA. MALAYSIA. 
THAILAND). Teaas Instruments AsiaLld.PO Boa 138. Unit 
#02-08. BUI 6. Kolam Ayer Indusmal Est . Kallang Sector. 
SingaporeI )M. Republicof Singapore.747-2255 


SPAIN. Tcsa, InstrumentsEspana. S.A :CVknc LauroGaldtano 
No 6.Madisdl6.1/458 14 58 OBalmes.89Bareel<«u-8.25160 
00/2512902 


SWEDEN. Teia. Instruments Intcmatsonal TradeCorporation 
iSverigctilialcnl IV. 19I0J. 10054 Smlholm. Swrden. 08 - 
215480. 


SWITZERLAND. Teiai Instruments. Inc 
Ried.ttas« 6. 
CH-8951 Oenlon iZuench) Swioetland. 1-740 2220 


TAIWAN. Teaa, Irorrument,SupplyCo.: 10th Floor.Pu 
shing Bldg . 71 Sung-KiangRoad.Taipei. Taiwan. Republic.4 
th-.na. 02+521-9321 


UNITED KINGDOM. Teias Innrumenl. Limited Mantun 
Lane. Bedfotd. MK41 7PA. England. 0214 67466. Si 
Jarae. 
H.«iw. Wellington R.ud N,«th. Stockpawl.SK4 2RT. England. 
061442-8448. 
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